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ABSTRACT

Bangladesh is a developing country. The development of any country largely
depends on the availability of electricity. Generation of electricity and its supply to potcntial
consumers in exact quantity and guality is therefore important. The availability ol a reliable
and economi¢ form of energy is a pre-requisite for economic and social development as
clearly demonstrated by the close relationship between growth in indusirizlized countries
and their higher level of commervial energy consumption. Persistent energy deficiency and
the low standard of living in many developing countries like India, Bangladesh, Pakistan,
Bhutan, and Nepal etc. also proves that the use of electricity 15 one of the indicators of
national development.

In Bangladesh the lcvel of electnicity consumption is very low. Oaly 25% of the
population has access 1o electricity The cxpected expansion is not taking place due to lack
ol power availability and lack of delivery infrastructure.

The present installed (July 2001} peneration capacity is 4005 MW, while the
generation capability is only 3830 MW Out of this instalied generation capacity 3320 MW
82 90%%) can be generated by BPDB and 685 MW (17.10%) by IPPs. The TPPs are pad in
foreign currency under separate power purchase agreements belween GOB, BPDB, REB
and the IPPs. The maximum demand that could be supphed so far was only 3033MW
against a demand of about 3394MW in 2000-01 Comparing the demand with the
generation capability, the reserve capacity is only 13%, which results in frequent load
shedding. To avoid and minimize the load shedding more generation is the only way to
solve the crisis The future power generation plants are required for the greater imerest of
the nation.

Independent Power Producers (1PPs) has come up with some capability in a shorer
time frame compared to that by the povernment. But the experience of 1PP in both
developing and developed countries is not always encouraging. This study focused on the
averall management of the power system in the country and identilied the impacts of 1PPs
in the system.

It is observed in the study that power from the IPPs were a relief in the ome of acute
power crisis However, some of the initial contracts were very costly. At present the share
of generation by the [PPs is less than the comiorabie reserve margin of a system {about
30%). For strategic reason the share of 1PPs should not be more than the above margin. In
terms of day-to-day share of the 1PPs, dilferent allocation ratio results in different cost of
production. The study focused that overall cost of pencration can be reduced by changing
the generation mix
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Key Definitions
Annual Capacity Test- means the test to be conducted each Contracted Year under the

PPA or any of its retests thereof conducted under agreed scction to determine the
Dependable Capacity of the Facility.

Bank Raie- is the interest rale announced by Bangladesh Bank from time to time,

Capacity — The capacity of the plant express in MW to generate and deliver the Net
Electricity Output of the Delivery Point, assuming the contimied connection and proper
operation of the BPDB's System

Capacity Test — A test of the normal full load capacity of the plant carried out in
accordance wilh the requirement of PPA,

Change in Law- Means (a} the adoption, promulgation, change, repel or modification afier
the dale ol this Agreement of any Legal Requircment, including any change in tax (b) the
imposition upon the company, ils contractors, the Lender, of a fuel supply of any matcrial
condition in connection with the issuance, renewal, extension, replacement or modification
of any euthorization afier the date of this Agreement that i either case

(1) Establishes requirements for the construction, financing, ownership, operation and
maintenance of the project that are materially more restnetive than the most restnclive
requirements in effect as of the date of this Agreement or (2) has a material and adverse
effect on the company, the project or the return (net of tax) to the investors of the company.
Combine Cycle Unit- means the unit formed by two pgas turbines, the steam turbine and
supplementary cquipment for generating electnc power comprised within the facility.

Commissioning — Taking all steps necessary to put the plant in to operation including

carrying out tests prior to operation as specified in PPA,

Contracied Capacity — Plant capacity +/- 10% of reference conditions that the company
has propesed to build, own and operate under this Agreement.

Conlrol Cenier — The load Dispatch cemer located in Dhaka, or such other control center
designated by RPDB from time to time {but not mere than on at any time) from which
BPDB shall Dispatch the plant.

Delivery Point — the point of commen coupling on BPDB’s System of which Net Electrical

Qutput from the plant in delivered as specified in PPA.
Exchange Rate- means one any Business day, the rate of exchange for the conversion of
taka in W US Daoilars as announced by the Bangladesh Bank to be in effect on such Business

Day.

L1}

TI‘

)

!



Foreign Currency- means any currency other than the currency of Bangladesh, Taka.
Fuel — refers to Natural Gas and liquid fuel, necessary for the operational requirement of the
plant as per the PPA.

Gas Price — means the price per MSCF of gas {including Taxes payable in Bangladesh on
the purchase and sale of gas and the transporlation cost to the peint of Delivery) in effect
form time to trme.

Guarantee — means the Guarantee issued by the GOB to the company pursuant to Lhe
implcmentation Agreement.

Guaranteed Capacity- Lhe capacity of the plant (in MWs) estabiished by the most recent

capacity test conducted during commission of the plam or therefore (taking in to account
any permitted retest there of) in accordance with PPA

TPP- Independent power producer is a power generating company in private sector.
Investor- means the holders from time to time of any share of the company with voting or
other rights of managemert and control and any securities of the company that are
converiible into such shares at the option of the holder.

LD - Load dispatch center is a sub depariment of BPDB who constantly maintain the load

demand, and dispatch the load Lo respective demanded area,

Liguidated Damage {LD) Amount- The amount is payable by BPDB to the contracied

company due to BPDB's fault or by the company to BPDB due to company’s fault is called
Liquidaied Damages These sorls of imposing obligation to work under agreement
conditien.

Lenders- means the lenders party to the Financial Agreements logether with their
respective successors and assigns.

Long-run-marginal ¢ost (LRMC).-The conventional, idealized approach to setling tanils

for grid electricity is based on an esiimation of the long-run-marginal cost (LRMC} of
service for different consumer classes, adjusted, for social reasons, and zlso allowme cross-
subsidization among classes and permitting full cost of recovery and financial viability for
miegrated monopolies. The LRMC concept has historically been kept as a reference point in
Bangladesh, but never fully applied for practical difficulties. The BPDB and DESA tan(f
were introduce i 1987 and modified m 1992, Although the recommended tariff level was
based on Long Run Marginal Cost, the actual tarill' implemented fall far shon of the LRMC
tanff. In 1993, the average ianfT (based on LRMC) should have been 3 48 TK per Kwh; the

¥



actual average tariff rate was 2,32 TK per Kwh, which was 67% of LRMC.

National Load Dispaich Center-A new and modern National Load Dispalch Center should

be established to control end manage the loads in respect of PSMP. LDC at Siddhirgong
cannot cope up with their present situation.

Net Electrical Output- net electrical energy expressed in Kwh delivered to the Delivery

point by the company for sate 10 BPDB during testing and commissioning of the plant and
following the ful} commercial Generation Date, who dispatch by BPDB.

National Grid- 1s a Transmission line, where constantly 230 kv voltage 15 maintain for
transmitting the power in alt over Lhe Bangladesh.

Power factor- The product of effective voltage by effective current in an ax circuit is called
volt-amperes. A large unit is kilovolt-amperes, abbreviated kva. Obviously, a given number
of volt-amperes may represent any number of different values of power, depending upon the
value of cos & in equation P= VI cos 8. Cosine 8 is therefore a factor by which voli-ampere
are multiplied to give power. Hence cosine 8 is called power factor. As an equalion

Power
volt-amperes

Power factor = Cosinedd =
PGCR- Power Grid Company of Bangladesh, a private Transmission company works to
I'ransmit power with tk. 0 17 per kWh consumption by BPDB, DESA & REB. Presently
works on the transmission sector from Meghnaghat to Haripur & 45 km Transmission line
of BPDB
Reimburse- is an economic and business term, means the invested amount by any party
for his use will be refundable afler commercial cperation.
REB- Rural Elcctrification Board is the pnivate power distributing organization, which
works to plan, supply & develop the electric power for the rural people by purchasing
power from BPDB
Sub-Station- Is an electric supplying station where voltage can be stepped up and stepped
down.
Standard- means the environmenial guidelines lay down by the World Bank
Environmental Guidelines
YAR- Reaclive volt-amperes are cxpressed in vars, a term coined from the first letter of the
words “volt amperes reactive” Reactive volt-amperes considered over 2 pertod of time
represent osciliation of energy between the source and the lead. Their function is to supply
the energy for magnetic fields and changing capacitors, and to transfer tis energy back to

vi



the scurce when the magnetic field collapses or when the capacitor discharges.

¥l



CHAPTER-01

Electric power in Bangladesh




CHAPTER-01

Electric power in Bangladesh.

1.1. Introduction

Bang'adesh is a developing country The major development thrust of the country in the
firture must come from the agricultural and farm seclor as well as from industrial sector

Agricultural sector is increasingly becoming a power intensive sector. Development of
industry and service sector is totally dependent on energy and power. The availability of
electricity is, therefore, a precondition of national development.

The country has béen [acing shortage of power gencration for the last few years mainly
because of inedequate generation capacity and increased rate of requirement of electricity

This gap between demand and supply not only discourages new investment in industry; it
also results in low quality supply. The electricity demand rate is expected to increase further
in the future The siluation is not tikely to improve unless some generation capacity 1s added
to the system quickly. Te meet this demand and supply gap the Government in 1996
formulated a policy allowing private power generation in the country. Historically policy of

generating power in private sector is not new in the country.

1.2.  Historical Development of the Power Supply System

In 1947, when the fndian subcontinent became independent from the British colonial rule,
this geographicat part of the sub continent had only 21 MW of electricity generating
capacity for households, mills, factories, tea garden and railway workshops etc. These
enterprises had their own captive power or were supplied by small private electricity suppty
companies. A year later, Electricity Directorate under the minisiry of industry came inlo
being and soon staned taking over the small companies. The Directorate started to build
diesel power plant in a planned way- frst in Siddirgan) and later in Doublmooring and
Goalpara By 1960 the electricity directorate, which was merged the previous year wilh the
newly created high-powered Water and Power Development Authorily (WAPDA), built
about %2 MW new diesel and steam power plant. On the other hand, the irrigation
department launched the process of building 80 MW hydro power station at Kaptar on the
Karnafully River This capacity was increased to 230 MW (Five units) in different phases
by 1980 Simulaneously, 2 132 KV transmission line was built in the early 1960 between
Kaptai and Dhaka. This transmission line is still in operation with reduced capacity and

risky operating condition 1n the next decade, the gencration capacity rose from 88 MW to



419 MI‘W and transmission line from 482 km to 827 km and the demand which was 42 MW
m 1960 rose to 214 MW in early 1970,

Afier the liberation war, Bangladesh emerzed as an independent and sovereign country in
1971, The erst while WAPDA was bifurcated into two boards, namely, Water Development
Board (WDB) and Power Developmernt Reard {(PDB) In 1972, Bangladesh Power
Development Board {BPDB) was created as an integrated siate organization with an
installed capacity of 550 MW. During the war of liberation, power installations suffered
exiensive damage. As & result, the peak demand dropped to 30 MW from the 225 MW of
the pre liberation level of 1970.

After the independence, the immediate problem was the rehabilitation of power supply. By
the end of 1972-73 the sovernment undertook rehabilitation and development program o
the firsi five-year plan {1973-78) By 1974, the insialled capacity rose to 667 MW, when the
penerating capacity increased to 490 MW. The highest demand at that time was only 266
MW, leaving reserve margin of 46%. In the next two year plan {1978-1980) and then the
second plan {1980-1985) period, several projects, initialed before the liberation war, were
completed and a number of new projects were undertaken As a resuit insialled generation
capacity increased to 882 MW while the peak demand rose to 462 MW, The reserve margin
al that trme was 47.62% '

During the second plen peried, the most importamt achievement was the construction of the
Fast-West electrical imterconnector, which enabled the transfer of gas-based low cost power
from the Easl to the West Five power generation plants having a total installed capacity of
330 MW were completed during this period. But generation capacity siill lagged behind the
demand. The main constraint to the expansion of power supply was the shorthall of the
resources coupled with a huge system [oss and a slow response to tanifl adjustments against
rising fuel cost.

By the middle ol the third plan (1983-20), the systern loss stood al 37.5%. Due to such a
high system loss, low account received, high load shedding, poor management and inability
to improve the performance, consessional loans for the power secior from the multilateral
donors were not available in most part of the Fourth plan (19%0-95) pertod. The operational
capacity (2133 MW) was again interrupted by occasional power oQutages owing to
fluctuations in gas pressure, Lransmission and distribution faults. During this period,
inadequate government resources could add only about 581 MW to the country’s nel
generation capacity. However, due to non-completion of scheduled rehabilitation of some

power slalions, gencration capability decreased by 271 MW and about 11 MW capabilities



was retired during this period. The net capacity increase was thus 299 MW agatnst a new
demand of at least 1000 MW as per growth rate during the same peried. This led to a
shortfall of generation of about 700 MW and led to chronic load shedding in 1996 and
1997 In September 1997 Raozan-2 (210 MW) power siation come in to operation and the
[irst private power company (100MW) was commissioned in October 1998.

In spite of these, it has not been sufficient enough to mect the ever-growing demand Tt 15
thus no wonder that after more than two decades since independence, more than 80% of the
whole population is still being denied the access to electricity.

However, to meet the demand of electricity of rural people an autoncmous corporatian
named Rural Electrificalion Board was formed and functioning since October 31, 1977,
REB purchases electricity from BPDB and sells to the end user through PBSs (Palli Bidyut
Samities), which is a democratic, decentralized, and autcnomous cooperative organization.
In PBSs the cooperative member consumers enjoy equal opportunities and are entitled to
exercise equal rights, Till now 419 Thanas are ¢lectrilied through REB Organizational

developments in the electric power sector at different times is illustrated in figure: 1.1.

Power Busimess 1 Private Seclor
Pre 1947 Period

J4 L

Eleciricity Directorals
1943

4 L

EPWAPDA 1954

BFNB 1972
Under PG 59

BwDO {972
Under T.(}, 59

-
=
% '
“ DESA 1991 DESCO 1998
IPPs E f-.) :::;
Swiamng from ::} =
1998 = PGCB 1998

Figure 1.1: Historical development of organizations active in electric power sector of
Bangladesh.



1.3. Power Management System in Bangladesh.

1.3.1. Adminisiration.

The Govemment of Bangladesh has a separate ministry of energy and mineral resources to
control, monitor, and supervise, the power and energy scctor These are two divisions in the
ministry viz. Energy Division and Power Division. BPDB 15 2 semi autonomous
organization, which deals with electric power management in: Bangladesh,

Tn the power generation scctor BPDB and IPP respectively produce 82.90% & 17.10% of
present generation Very soon REB will elso come in gencration with 1ix10MW generalion
plants. BPDB and newly formed PGCB (Power Grid Company of Bangladesh) are in charge
of transmission of the generated power

BPDB, DESA DESCO, REB is distributing the power to the end user. DESA, DESCO, &
REB purchase power from BPDB in bulk amount and then distribute to consumer. Figure
12 shows the administrative and business links between different organizations of the

power systerm.



The mansgement of BPDB has been vested on a Board, consisting of a Chairman and six
members. Each member looks afler different areas like Administration, Finance, Planning &
Development, Generation, Transmission and Distribution At present about 24 thousand

officers and staffs work in BPDB. Administrative systems of other organizations m ligure

1.2 are briefly discussed bellow.
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Figure 1.2: Administrative and business links between organizations of the power
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REN

In order to intensify the pace of rural clectrification, the government issued an ordinance in
1977 establishing the Rural Electrification Board (REB), a semi-autonomous agency
charged with the responsibility of planning, developing, [inancing, and construction of rural
distribution networks. RER promotes the eslablishment of Rural Electric Cooperatives
called PRSs (Palli Bidvut Samities), hands over the constructed rural nelworks to them and
assists the PBSs to operate and maintain the rural networks and monitor their financial
performance.

Chairman is the chief executive of the board of REB and is responsible for the overalt
development, management, and administration of REB and its affiliate estabhishment
(PBSs} etc to carry out the Rural Electrification Programme as defined in the ordinance. He
will plan, crganize, direct, coordinate, and control all facets of the programme and REB
administration through appropriate delegations wherever needed. There are different
members for different functions of the board viz. finance, engmeering, PBS operation.
DESA

In 1990, another ordinance was issued, which was subsequently enacted as an Act
transferring the 132KV and 33KV trenamission system and distribution system in the
greater Dhaka area including the metropolitan city to a newly created government agency
called the Dhaka Electric Supply Authonty {DESA).

The Dhaka Electric Supply Authority (DESA) could not start formal functioning from the
date of its establishment due lo some practical reasons. However, formal functiomng and
commerciat operation ol the authority started from 1% of October 1991

DESA took over the electrical distribution network of about 7473 sq kilometer area of the
grealer Dhaka district, which was previously under the control of BPDB.

DESA started o import electrical power from BPDB at 132KV for the purposes of
distributing the same to the consumers within this area, With the formal starl up of its
operation DESA has to take over the existing manpower of BPDH, those who were working
with the Dhaka Eleciric Supply. All the practices and rules, all the problems and liabilities
lying with BPDB also were automatically transferred to DILSA With a huge amount of
receivable lying ouwstanding with the consumers and with practically zero bank balance
DESA started funclioning from 1™ of October 1991

The Authority comprising with one Chairman and Mcmbers not exceeding three in number

was assigned with following functions-



i. Sale and distribution of electricity, maintenance and extension of the distnbution
system within the greater Dhaka area.

ii Execution of development works related to distnbution of elecincity to
consumers and preparation of planning and design of engineering projects and
execution of the same with the por approval of the governmern.

m, Planning, development and maintenance of elecirical distribution system slanmng
from 33KV lines and substations down Lo lower voltages within greater Dhaka
area with the prior approval of the government.

v Execution of other works related and supplement to the above works.

The Dhaka area is the largest single distribution territory consuming about 50% of the total
eleciricity sold in Bangladesh DLESA, which is the distribution agency for the [haka area
has a poor performance record with respect to system losses and accounts receivables.
Alihough the performance has improved considerably since 1992 on account of inlensive
monitering, there is a limit to the gains that can be made and it is felt that further progress
can be achieved on a sustainable basis only if' there is a change in the business environment,
both external and intermal to the organization, which will enable intreduction of more
sophisticated control and management system, and also organizational accountability.

1he cumrent organizational arrangements including management structure, employee
compensation, delegation of authority, conduct, disciphine and appeal rules and promotion
policies are based en the civil service rules and armangements which is not well suited to the
functionine of a commercially orented sector such as power seclor. [l was therefore
necessary to create new organization with its own rules and regulations, that are more suited
to the new business cnvirenment. Subscnibng to that a new company (DLESCQ) was being
created as a public sector company, incorporated under the Companies Act as a subsidhary
of DESA. 1In the future, shares of the company will be offered to the private sector, other
power seclor entities and the general public to make the DESCO’s management more
responsive to its consumers.

FThe company 15 wholly owned subsidiary of DESA DESCO is managed by a part time
Board of Directors appointed by its shareholders, which is respensible for policy decisions.
Day-to-day managerial decisions are vested with the Managing Director and two full time
Directors who are appointed by the Board of Directors They are also be members of the

board once appointed. The organization of the company 15 as fotlows:



i, The Chairman of the Board of Directors is the Chairman of DESA or ts
nominee till such time DESA owns the majorily of the shares in DESCO.
1. The Managing Director is the Chief Exccutive Ollicer of the company and is
responsible for overall management of the company
iil The Direcior (Technical) is responsible for development planning, supply and
demand management, commercial operations and maintenance of the system
iv.  The Director (Finance) is responsible for all financial matters of the company.
PGB
PGCB was created as an outcome of the restructuring process of power sector in
Rangladesh for establishing commercial environment including bringing efficiency,
accountability and functional autonomy PGCB was incorporaied in November 1956 with
an initial authorized capital of Tk 10 bilticn and entrusted with the responsibility to own,
operate and expand the National Power Grid Network for transmission of electricity with
reliability, security and economy on sound commercizal principles.
In accordance with the government decision of transferring the transmission system from
Bangladesh Power Devclopment Board {BPDB) and Dhaka Electric Supply Authority
{DESA) to PGCB two agreements were signed with BPDB for transfer of four 230kV Sub-
stations and 61.5 km 230 kV transmission lines in two segments The assets are now bemg
owned by PGCB and financial transaction for the transfer has been completed. The
government has issued the tariff notification for the said transferred assets. A programme
has been submitted 1o the government and other concerned entities for transfer of whole
transmission system by December 2002, The government has already notified the global
transmission tariff, which will be effective alter transfer of the transmission system fully to
PGCB.
PGCD envisaged to tun the system with minimum but skilled manpower for bringing
efficiency and economy. Keeping this in view, PGCB board has approved the organogram
with 1615 personnel for managing the entire transmission network of the country including
load dispatching. Chairman BPDB, will be the chairman of the Board of Directors of
PGCB The board having 8 Directors where chairman is the chief and 3 other members will
lock after the management system of PGCB. Managing Director is the chief of executive
management and Director (Technical) and Director (Finance) looks efter the technical and
financial matters respectively Security and cleaning service were planned to be contracted

out.



1.3.2. Generation

The present installed gemeration capacity of the country is 4005MW(including 685MW
from IPP}, out of which indigenous gas based capacity is 3286M W, hydro-based capacity is
230MW and oil based capacity 494MW.

According the Statistics on Commercial Operation of BPDB [27], in July 2001 the net
energy gencraled for the month of July 2001 was 1540.538Mkowh. Out of this the pas based
generation was 85.93%, hydro was 4.87%, and liquid fuel was 9.20% as shown mn the
Figure 1.3. Highest demand served was 3084.00MW on July 05, 2001 and maximum load
shedding was 328MW. The parts shared by the 1PPs combined in that month were
286.004Mkwh. Figure 1.4 shows the share of privale and public sector in generaling power
for Jnly 2001.

The above data shows that the indigenous gas base generation (85.93%) having the major
share of generating electric power. But the gas deposition in Bangladesh has capabiliy to
run up to year 2019[28). Afler (hat the generation will depend on diesel, HFO, coal, or
muclear enerzy. The deposition of gas assessed by Bangladesh Geelogical Society at present
is 11.86TCF[28].

B Natural <;as W Hydro BHesel OFumace O

Figurel.3: Gencration as on July 2001 by different foel.
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Share of Public and Privae Seclor

Figurel.4: Share of public and priveiexector in power generation for July 2001.

Because of shortage of power in the formal systems, the major industrics acquire captive
power for their own uses in recent years. Although there is no accurate information on the
amount of such generation capacity, i1 is estimated that more than S00MW capacity has

been installed as captive power at different industrial units.

1.3.3. Transmission

The National Grid consists ol 230KV and 132KV (ransmission lines. All the power plants
are connected with the national grid. Presently we have 570 KM of 230KV and 2531 KM of
132 KV Transmission hne. Mower is injected in the national grid fom different power
siarions, which is then transmitted to differem boed centers. At load centers voltage is
stepped down at difTerert voltage levels and distributed to the consumer. Table 1.1 shows
the ownership of transmission and distribution lines. ‘
Total national grid is gradnally being prepared for privatization. The process starled in 1996 .
by handing over 61.5 km of 230KV line 1o Power Grid Company of Bangladesh {PGCR), o
holding company of BPDB. At presert PGCB owns 479.5km of 230KV and 653km of
132KV lines. PGCB will charge TK(.17 per kwh (ransmittzd through ils trunsmission lines
afler December, 2002 when total transmission assets will be handed over w0 PGCB.

i1



Table 1.1; Existing transmission and distribution lines in km of the utilities as on Jun

2000.
Nume of Line {km}
ﬂ] 11KV
e 1OEY | 132KV | 66KV | 33KV &
utilicics
below
BPDR 570 2531 167 | %203 | 29422
_ DESA ) 51} 0 457 4450
REB 0 0 0 0| 119258
DESCO 0 0 0 43 445
Total ST | 3042 167 | 9200 [ 153615

Existing generation and transmission network all over Bangladesh 15 shown in Annexure A.
1.3.4. Distribution

The distribution network of the BPDB arcund the country serves consumer of differcnt
category. The number of different category of consumers served by DESA, REB, and
DESCO are tespectively 489533, 2751403, and 97067 respectively Tabte 12 shows

category wise number of consumers of the distribuion companies.

Table 1.2: Category wise consumer of various utility companies as of June 2001,

pr—
e Coraumer Caeroy
Doz | “7 | iryption | bkl | Ofes | T

PDB | L4977 | 20806 | 78R | 467 | 2097 | 142817
REE | 225589 | 3260 | 80| 55137 | 700 | 2751405
DESA | 41364 ) 55847 1| 1706 | 619 | 48953

DESCO | w22 | 62% 0| 238 81| 97067
Tetd | 3EL62 | G7s | 9798 | 121510 | 35007 | 4TRIRD

fHute: I'he others moude Mosee, Madmasha, Gireq, Pageda. etc.)
i.4. Tssues of Electric power System Management in Bangladesh

1.4.1. Administrative Reform

I'he power system in Bangladesh is controlled by number of agencics namely, the
Bangladesh Power Development Board (BPDB), the Dhaka Electricity Supply Authority
(DESA), Rural Electrification Board (REB), Dhaka Electric Supply Company (DESCO)
and Power Grid Company of Bangladesh (PGCB). Apart from these organizations, number

of independent power producers (IPPs} are new partners in the generation part of the
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system. BPDB is still the major player in the system and its activity is spread acress the
value chain,
BPDB generates a major part of the total electric power, and distributes major demand area
including large cities, municipalities and also many non-municipal load centers. It has four
distribution zones namely, Central, Northern, Southern and Western Each zone is divided
into a number of Electricity Supply Units (ESUY. BPDB still operates certain parl of the
transmission system. With such coverage BPDB appears to be lost in itself Non-
accountability within its different business operalions {generation, Lransmission and
distribution) has breeded inefficiency in the organization.
Through the creation of Rural Electnfication Board, unbundling of the integrated BPDI3
took place for the first time in 1977, In 1990, the initial step was taken to formally
unboundle a part of BPDB’s distribution through the creation of the Dhaka Lilectric Supply
Authority {(DESA) 28 a separate distrbution authority for Dhaka in 1991 recogmzing that
Dhaka alone accounls for over 50 percent or electricity demand. The Power Gnd Company
of Bangladesh (PGCB) was created in 1996 and incorporated under the Companies Act of
1994, Although a public imiled company, this new structure gives the PGCB much greater
control 1o provide incentive and manage its alfairs in a company rather than as a
government entity.
Dhaka Electric Supply Company {DESCO) was also created in late 1996 and incerporated
under the Companies Act, like PGCB. DESCO took comtrol of distribution assets at Mupur
area of Dhaka in 1998,
Since 199¢ the Minisiry is being assisted by an outfit called the power cell created to
advance sector reforms and assists in tanff formulation n the power sector, REB is
responsible for expansion of distnbution system to rural area through a system of rural co-
operatives named Palli Bidyut Samitics (PBS), which carrics the ulility operating functions,
67 PBSs have been commerctally established. These PBSs purchase power from BPDB.
Becently some PBSs are allowing private power generation within their command areas
Under the reform program in peneration and distribution sector, BPDB formed SBU
(Strategnc Business Unit) W overcome the technical and management problem. In power
generalion sector Hanpur Power Station was made an SBU from December 6, 1999, As an
SBU Hanpue Power Slation took several steps to improve its operational efficiency, The
key features of HPS as an SBU are.

} Own budgel.

2. Purchasing Power
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3. Autonomy in personnel management

4, Autonomy in operational matters.
The achievement of HPS after its new status was encouraging i.e. plant availability 1s 90.00
per cent againsl target of 86.05 per cent, reliability is 98.18 per cent against larget of ¥8.42
per cent and efliciency 1s 23,00 per cent against target of 23.00 per cent.
In the distribution system Sherpur and Jamalpur district was taken as SBU in 1999 with the
aim to increase revenue and reduce unauthorized demand and overall improvement of
distribution including load managememt. At the end of November 2000,100 per cent
revenue collection in Jamalpur was achieved and demand was reduced by 0.872MW. In
Sherpur SBU 86 51 per cent revenue collection was achieved and demand was reduced by
1.00MW.The above reform programs within BPDDB seems Lo bear pesitive result.
Ot of the present insialled generation capacity of 4005MW, 0853MW is generated by
Independent Power Producers (IPPs), which is 17,10 per cent of total generation. According
to PSMP (Power System Master Plan) the generalion capability by BPDB wril be 3693 MW
and by [PP”s 2050 MW in the year of 2007, The share of 1PPs will be then 26.80 per cent of
tolal generation The gradual devolution of BPDB operations and participation of private
sectors in the power seclor are going to influence the management of the power system
However, there are many factors that need to be considered in this respect, apari from these

administrative changes and other 1ssues relevant to power system of Bangladesh.

1.4.2. Alternative Options for Generation

About 90% of the electricily generated in the country comes from eas-fired power plants.
However, the pas reserve in the country is limited. The recoverable reserve estimated to be
15.48 TCF. By now about 395 TCF has been consumed and the remaining recoverable
reserve of gas s around 11.68 TCF.

MNatural gas account for about 70 per cent of commercial energy use in Bangladesh Gas
consumption grows rapidly, with annua! growih rate of 9 per cent. The pgas market is
dominated by the power and fertilizer sectors, which accounts for 45 per cent and 32 per
cent of demand respectively in 2000-01 The growing consumption n power and fertlizer
will exhaust the present estimated gas reserve tn next 15 [25] years. Therefore, power
generation from alternative fuel must be considered for any long-term plan of power

system. The probable alternative energy sources in Bangladesh are described below briefly,
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{a) Coal
From the encrgy slandpoint, Bangladesh has discovered substantial amount of deep
scooted coal deposits in Jamalgon) {Joypurhat District), Barapukuria {Dinazpur
District}, Khalaspir (Rangpur District} and Dighipara (Dingjpur} over the last 35
vears. First commercial coal will be produced from Barapukuna mine some time 1n
2005 .Over 80% of the deposit will be consumed to generate 300 MW of power tor
25years -
(il
Exploration activities carmied out so far could not discover any significant ol
depostt, The only oil deposil so far discovered in the country is in Haripur which
produced a tolal of about 0.65 million barrels of crude oil till 1994, One oil
produciion has since ceased because of reduction of pressure and influx of water in
the cil zone. Comprehensive exploration efforts need to mount in the Held.
fc) Bie-Maw
Electricity coverage being only 15% of the population and natural gas rcaching
only 3% of the households, biomass is the major sources of energy in Bangladesh.
Ower three fourth of total population of the country depend of biomass for cacking,
crops drying and winter heating.
{d)Selar Eperyy
The average daily solar radiation varies from 5 05 kWh/sqm in winter to 8.70
kWh/sqm in summer. At present solar energy is mainly used as a convement and
low coslt means of drying crops, fish and salt. Some photovoltaic units have been
installed in difTercnt parls of the country mainly for demonstration. Capital cost for
solar photovoltaic technology for the generation of electricity being costly, its
prospecis are to be ascertained for specific end uses and locations
{c) Nuclear
At present Bangladesh has no nuclear power station However a 30MW nuclear
power plant 15 being planned lor last few years. It is stil]l uncertain and prospect is
negligible.
In term of ownership of generation, BPFDRB will have to continue adding more power
stations. However, depending on the growth rate of demand it might be necessary to allow

inore IPPs 1o generate power
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1.4.3. Transmission Issues

With the increase in gencration over the years, the development of transmission lines fall far
short of demand The Power System in Bangladesh is characterized by sharp differences
between the eastern sides, where natural pas is available and the less developed western
side, which depends on, imperted liquid fuels. The share of power plants located on the two
sides is approximately 81 per cent and 19 per cent respectively between the east and west.
However, the two sides are linked by a 230 KV East West interconnecter bt m 1982 that
transport surplus power from east to west zone A second interconnection through a 132 KV
double cireuit line has been completed in 1998 alipned along the Bangabondhu Bridge. The
bridge also prowides a 30inches dia natural gas pipelines. This will enhance more balanced
generation of electricity in the country in future and substantially reduce large high voltage
iransmission losses

1he transmission system consists of gh voliage 230 KV and 132 KV grid lines covering
the main load centers in the country. However the integrated transmission and ihe
distribution netwerks are inadequate. The system control center is inefficient, inadequate
and is based on low technology for a system of the stze and complexity of the Bangladesh’s
nelwork, Erected 1n the 1980s LDC at Siddirganj cannot cope even now. The situation is
likely to apgravate when TPP generating umits, parlicularly Haripur (360 MW) and
Meghnaghat {450 MW), Barapukuria 250 MW and Baghabari 250 MW etc. will come into
full operation by year 2005 Different issues that are relevant to the transrmssion network of
the clectric power system of the country may be listed as below:

a) Load Management.

b) Inefficient and Inadequate Transmission Lines

¢) Losses and Incfficiencies.

d} Operational Constraints.

e} Demand Management.

f) Technical difficulties.

The above matters eventually transiate to Factors that affects the generation system.

1.4.4, Distribution Isspes

The distribution of electric power in the country is the last-siep where the customers interact
with the providers. There are many technical as well as non-technical issues involved in this

step. Issues such as customer satisfaction, demand management, loss minimizaiion, system



balancing ete. are issues which eventually affect some aspects of generation. The main
distribution issues are as follows

Consumer survey.

Meter testing,

Mecter sealing.

Faulty meter replacement.

Regulanzation of consumer

Neutral & Meler earthing.

Replacement of non-standard service,

System balancing

Re-locating X-former & stringing required lines

Meter re-location.

1.4.5. Technoe-Economic Issues

Apart from different techmeal 1gsues there are cerlain technological cconomic and financial
aspects of the system in Bangladesh that deserve senous attention Economic life of power
stations, Lransmission and distnbution lines determine the cost of production end delivery.
Standard economic life for these components are as below [PSMP-1995]:

Hydre plant - 30 years

Steamn turbine- 30 years.

Simple cycle combustfon turbine- 20 years,

Combustion ¢ycle plant- 25 years

Transmission & Distnbution hne- 35 vear,
Some of the power plants of BPDR have crossed the desired lifetime, Still these plants are
running with very risky operating condilion At present the average plant factor of BPDB is
about 60-64%;, and the overall efficiency was 31.59%(5] Some of the plents like Raujan
Power Station could not reach the expected efficiency from the beginming. Plants of 1-10
MW capacity are not operated on regular basis. Their efficiency 15 going down due to
idling, As a result when they run during peak load period they shew high operational cost,
Mants cannot be taken for rehabnlitation program, due to financial constraint, The regular &
routine maintenance could not be carded out due to insulficient reserve margin. At present
N Teserve margin is available in power generation sector for schedule mamtenance. The old

machinery has no repair and maintenance manual for standard maintenance. insulficient

17



stock of spare parts is also a problem for repair & maintenance, Lack of treining
opporlunities for the new acquired technologies acquisition, aggravales the situation.

BPDB is facing severe financial problem due to certain losses and sale of electricity at
lower rate than production cost. At present the generation cost 15 approximately Tk.
1 71/Kwh including the power purchase cost from I[PPs [29]. The transmission &
distribution cost 15 about Tk0.9 14/Kwh {27 &29]. The otal cost at the consumer level is Tk
2.625/Kwh. which is much higher than present tariff rate. The average tanff rate is about Tk
2.18/Kwh. This has led to approximately Tk 300-400 crore losses to BPDB every year On
the other hand BPDB purcheses power from IPPs at the average rate of Tk 4 50/Kwh.
BPDB sells electricity to REB at the rate of Tk 1.84/Kwh and o DESA at Tk. 1.92/Kwh. to
their end. At the same time the revenue collection from both REB & DESA is not
watisfactory. As per the PSMP, BPDB requires US$ 6 billion to implement the planned
programs for next ten years but does not know from where this fund will come. Even BPDB
does not have any forecast of expenditure for next lew vears’ improvement plans The

problem aggravated further after the donor agencies stopped funding in the power sector.

1.5. Objective of the Study

The power management is mainly a coordinated and inlegrated effort of generation,
transmission, 2nd distnbution, All the three components must cooperate and act in umsen
for smooth management of the system. A complete study of the power sysiem management
i$ guite an involved work. However, study of any one component will definitely lead to
1ssues those have implications on other components. Generation of power is the basic
componenl in the whole power system. En the previous sections different issues of power
systemn of Bangladesh were mentioned Among these the issues related generstion deserves
special attemion. Specially with the advent of TPPs and devolution of generation plants of
BPDB is interesting Given the reality that IPPs are going to stay and more of them will be
added it is imporiant to understand how these 1PPs are going lo influence the power system
of Bangladesh This study has generally concerned itself with the impact of [PPs in the
power system Specific ohjectives of the study are:

{a) To study and analyze the present electnic power system in Bangladesh.

{0) To study the operations of the Independent Power Producers in Bangladesh.

{c) Tao study the implications of 1PPs in the power management system of Bangladesh.
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1.6. Mcthodology

The bulk of the information for the study was collecied from secondary sources such as
annual report of BEDB and REB, various studies and presentation made by the concerned
organizations and individuals The comract documents for the operation of IPPs were
reviewed, Besides, data were collected from various sources at BPDB, Power Cell and

DESA through personal communications

1.7. Organization of the Study

Tn the first chapter of the study a general oulline of the elecinic power system of Bangladesh
is presented. Major player in the system and important issues related Lo the management of
the system 15 pointed oui.

BPDB being the largest componem of the system, us operation and managemeni is
described in chapter 2. Tt is tred to identify the problem areas of BPDB operation and
management and possible rool causes are sought.

In chapter-3 the independent power production system is discussed. Important points of the
coniracls of the independent power producers are noted. Contributions of IPPs are also
discussed. Alse, experience of 1PPs in other countries is brielly discussed.

In chapter-4 different strategic options of power generation with 1PPs for the electric power
systern of Bangladesh is discussed.

The study is summarized in chapter-5 and conclusions are presented.
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CHAPTER-02

Operation and Management of BPDB.
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CHAPTER-02
Operation and Management of BPDB.

2.1 lntroduction

The BPDB is an autonomous organization under Ministry of Energy and Mineral Resource.
The management is vesled on 2 board, consisting six members, and & Chairman. The latter
is the head of this board. Each member oversees an opcrational area of the of the
organization as described earlier. The highest tier of the organizational structure of BFDDB is

shown in Figure 2.1. The detail is presemted in Annexure B.

MEME

¥

Chaiman

¥ v L ¢* ‘} .

Momiber Momber Member Monber Member Member
Admin Finance Disitibution Planning & Transmission Generation
Developracnl & System
Cperation

Figure 2.1: Highest tier of the organizational strocture of BPDB.

2.2. Generating Stations of BPDB

BPDB has generating capacity of 3711 MW in different power stations located at different
places of the country. These power stations have different characteristics This section

presents these power stations from different point of view

2.2.1. Type of Powcer Generating Stations

The technology of power generation depends on types of fuel combustion technelogy and
cambination of prime mover. Power generating stations of BPDE covers parl of the full
specitrum of power generation technelogy. Table 2 1 presents the type of power stations of
BPDB along with generating capacity.

The Hydroelectric power plants use Aowing river water at Kamaphully. Other power
stations vsed Diesel oil, Furnace Oil and WNatural Gas as primary fuel. For combine cycle
power stations the exhaust pas from the primary gas turbine is used as fuel to generate

steam in boiler The steam is used to rotate the secondary turbine. The schematic diagram of
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combine cycle electricity generation is shown in Figure:2.2. The electricity from the Hydro-
Electric plants is the cheapest. However, the first cosl is guite high. Combined cycle plants

are most efficicnt. BPDB does not have any nuclear, solar or wind energy based power

slation
Table 2.1; Generating capacity of BPDB by types of technology.
Technology Fuel Capecity Perveniape
[Iydro Water head of 230MW 7%
MESETYe,

Steurn Turbine  Natural (Gas 2102MW 64%

Steam Turbine  Furmace Oil 170MW 5%

(Gas Turbine Natural Gas 290MW 9%

(5as Turbine Diesel Z9TMW 0%

Combined Cycle Natural Gas 150MW 4%

Diesel Enging  Ihesel 29MW 0.9%

Total 13277 MW

Fuel {gas)
Atmospheric Compressed v
Aur Adr Combustion i
Ilot gas of Temp
1500 C (Approx.)
Chamber /
“"‘h'if_- a Ly _';"q . Genennor
o o L
Torque output 1o Compressor
driven Accessories
Exhaust gas of 500 C
Temp.
Boiler
1
- Gepeniior

¥Exhaust gas

Figure 2.2: Schematic disgram of a combine cycle plant.
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From the table 21 we can see that power gemerated from natural gas is the highest
(77.80%). However, out of this capacity {2675MW) only 4% is generated by most efficient
technology i.e. combined cycle technology. In terms of efliciency plants producing more
than 50% of tolal BPDB production capacity are running at below 30% efliciency [20].

Many plants are running at efficiency range of 12-18%. However, the overall efficiency of

ihe BPDB plants is 31.63%.
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2.2.2, Location and Age of Power Stations

Tabte 2.2: Major Power Stations of BPDB accerding to location, age and remaining
lifetime from the year 2002,

EAST FIONE
Nl Tt [ Tl Commizsioning Dals of Twvpe of | Istailcd Capubihiy SeneTation Bemaming
Mo Ho T e Hetiremwen Tuel Capacay [ en Life urne
MMIYY — (tan
Hamie of the DD Max F Min
poveer Station {rar. | Gen. Aa oo FHC
Day | Day
1 2 3 4 5 & T 3 % 10 il 12
1 EARNAFULI 1 [ydre | 26-02-1962 2-01-2012 | Hydro 40 4f) 40 4} 10
UYDRO 2 Hydrs | 08-1-1962 OW-01-2012 | Hydro 4] 40} 44 a0 1t
3| Hwdro | 08-1-1982 08401-2032 | Hydre 0 505 34 35 30
4 Hydro | 11-40]-1948 11-M1-203% | Hydm S a0 A0 30 k%)
3 Llydre | 11-2-1988 11022038 | Hwdro 50 3 Ak a0} 38
2. ARHLIGAN) I 8T 17-T=-1970 17-7-2KK] (1as O 50 it S -
2 =1 OR-T-1970 OB 72000 & 30 S0k 50 -
3 &T 17-12-1'186 1707201460 150} 150 150 156 14
4 41 [R03-1957 L3207 1300 130 |50 150 i5
5 51 1703184 1743- 218 150 150 13 150 14
1 CHec { 13-11-1982 15-11-2007 s a6 b4 ) i} ] 3
pl 8T 7 28.03-15%4 15-3-2014 34 24 0 fl 12
2 cT H-03-1986 1 6= 320G 3o 56 3] i L1 4
3 SIMDHIRGANT a 81 2904-1070 246X (ias 56} 3 46 46 -
4 LA 1 o 03-10-1987 03-10-2007 Gas EX) k14 iz 32 5
2 oT 153-11-1%587 13-11-4417 33 30 32 32 i}
- 3 CT r-12_1987 02122007 13 3 24 25 5
5 [METELLAR 1 sT 1o-(He= 1974 e O34 Gos 3F St [} ( 02
2 51 13-02-19760 13-2- X 35 S0 40 A0 L]
3 5T 14.[1984 t4-0-2016 210 210 110k ] |4
4 5T 18-413-1980 1R-3-XN%9 210 210 1Ex} 0 17
3 ST 150K 1940 1534052424 210 i 2000 0 22
& Y § 140 -1 3142029 210 210 156} 21100 X7
6 EHAHII 17 o 196864 19881984 Gits ae Fil 33 38 -
AT AR ] CT | 28413-20HK 8052000 | Gas 33 35 35 a5 1%
9 CT 03-FO-2 000 (- 10-20020) (ia= 5 35 3 35 18
i FRECHUGANT 1 CT 24.12-199%4 24-12-2014 CriLs KN 3¢ 13 iz 12
i 2 Cl 3101119495 IOE20L5 Gas 30 30 0 0 13
3 1 OR-LwA-1455 NEIM-2015 30 30 { LK 13
& SYLHET 1 CT 13-12-1986 13- F2 -2 (M (3 20 24 1] L1 4
& EaAlTIaM 1 5T 2803-1993 26032023 (Fus 210 210 1] 0 21
2 BRI 21001997 21042027 210 4 L 18 0 25
L& SIRATBAHA 1 5T 24-04-1454 244{1-2014 s Gl L} 31 M 12
1 CT 13081980 130082000 (s 23 24 20 25 2|
2 CT 19-08-1934 1604332 000G Jus 23 26 26 25 1]
riviite
! ITARIPUE EPAPE 8 D I 008 F0-1-20121 (s 116} I B SEN 149
= Ry 2x35 CT 20=11-%0 Jan | 20-11-2019 s 148} FH) 130 153 17
idpmonaigh) | a3 |G| 00Ol 00, (0 oct 2020 | Gas 12
L AW i
| SLMTOTAE () [ 5115 [ 3ol [ 245 ] 1645 ]
Hydrm =50 Yr CT=20%r. CC=25%r. ST=30%r, D=20%YT
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By WEST LONE (Existiny)
5L Ut | Ut Comrnissioning Dutbe of Type of | Installed | Capabality [ Gererution Metriaiaig,
i My | Twpe Nate Retirerment | Fuel Capasity (DA o0 T{-ljff. '1':]“
Namme of the (ORI RLYTY o, Min. s an
o er Statian Gen. e,
Day Day
i 2 3 4 i 53 7 g Y i 1 i2
11. KITLN A | a1 21975 | 25072003 | TL0il i 55 48 S0 1
2 sl 7051984 | O705-2014 | BKO 110 95 0 0 12
1 T O7(H- 1980 | OF-Me-2000) 2% 23 0 0 -
2 T O3 (6-1080 | O031G-20K) 23 23 17 3] -
12 | 1HInEAN AR 1 (oF) 0041976 | 20--1906 4 HBD it 15 1% I |-
2 T MM e | 2064199 | HSD 210 1% (R 20 |-
3 cT VR01-15980 | BT -200K 20 1 18 1 -
F3 | FAIDPLR 1 n 2506-1981 [ 230620010 TN N 2 1.4d 1.4 | -
| el 17-09-1987 | 17092007 | LEWD a0 1% 175 | 1750 | 03
HED
4 | THARTRCADH 1-4 I (WA-00-1900 | W00-1985 | LI a X 1.40 L5G | - T
153, | BARISAL |-2 D L9775~ 15950 19532000 | HSD 260 2 U U -
1 T N5-08-1934 | 05082004 | 115D 20 18 13 1750 | 02
2 CcT H-T-1987  { IH-1022007 | HED 20 (B (4 P
16. | RANGPLUR i CT 2508-19K8 25082008 | HSD 20 i8 18 [ .
[7 | RHOLA 12 n 0%-10-1988 | OB-10-2008 | 1.l f1 4 1 2 6
| B4 | BAGHABARL | Tl CT O4-0-1991  § 14-6-20H1 (ias 7l 7l 18 FL I Y
F165 Only Puhlic Sector
Private
[, | kPO 18 D 02-10-1998 | O2-i0-2022 ( F.AKi 4Lt L1 [1e titl 20
T, | BaCIHABARY | 2 cl 2e0G-19u8 | 299202 {Jas o) ak G0 B3 1%
ST TOTAL (B : 153 i 4573 | 4359 | -
TOTAL (A1) 3T isls TROZ3 | 20819 | -

Fource Referenoe [29].

Table 2.2 shows the location and age of major power plants. Location wise distnibution s

highly skewed to the Eastern part of the country- mamly due to availability of indigenous

fuel- #7.23% of the generation capacily is located in the East of the river Jarmuma while the

rest 15 in the west zone.

From table 2.2 we can also see how the BPDB generating capacity will cross their economic

life, Already 327MW (10.33%) capacily is past thetr economic life For obvious reason

these units are being operated at a higher cost, Generating units of 471MW (15%) capability

will have theirr economic life expired m next 1-5 years time, units of 173IMW ({5.3%)

capability will retire in 6-10 years, units of 77AMW (24.5%) capability will retire m 11-15
vears, 430MW (13 6%) in 16-20 years, 63J0MW({20%4) in 21-25 years, 260MW (8.2%) in

26-30 years and 100MW(3.15%) will retire in afier 30 years.
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It is already seen that a considerable generating capacity of BPDB has either past the
economic life or wil! scon complete their economic life. Naturally the generating units in
this category produce less than their installed capacity. According to a study (PSMP-1995} a
tolal of 167MW penerating capacity has been lost in dilferent units by February 2000. This

non-recoverable capacity is expected to rise in future.
2.2.3. Growth of Generation Capacity of BPDB

A power systemn has to develop continucusly to cope with lost capacity and new demand
BPDB system has also grown over the years despite its constraints The pgrowth of
generating capacity of BPDI can be seen in figure 2.3. The growth rate between 1989/1990
and 1999/2000 periods is about 47.8%. This may be observed from the figure that there was
no addition of generation capacity afler 1998/99,

Table 2.3 shows the encrgy generated by BPDB from 1982-83 till 1999-2000. The table
also shows the year-to-year growth of energy pgeneration. Given the perenmal shon fall in

electric power supply it is apparent that growth rete of generation capacity is not sufficient
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Table 2.3: Year to Year gross encrgy generation of BPDB.

Year Gross Enesqy Generation in GWh % Enemy Transfer
increase | through East-WWest
over the | Interconnect or

East Zane West Zone | System precedin | Easl  to | West o
Total _{ year Vast East

1982-83 | 2B45.6830 5B6.9890 3432 6720 13 049 341.3200 | 02400

108384 | 33981900 5680000 39661500 15.542 510.0400 | 1.4370

1884-85 2655 8870 B72.5460 4528.4330 14176 4774100 | 20.6300

1985-86 | 3457.8000 13123560 | 4800.2560 6.003 222 4000 | 1064300

1086-837 | 4749.0080 837.8490 5869470 16.389 797.8350 | 10.9070

1987-88 | 5752.5390 788.8630 6541 4020 17.084 1175.5430 | 0.01B5

1985-89 1§ 6533 9443 580.9053 7114 8456 8.786 15500000

1988-00 | 7400 9835 3309836 7731.5471 8673 1956 7845

1900-61 8125.7950 1443953 8270 1903 3.961 2314 0858

1591-92 | 8499.8960 304 3455 8854 4360 7.746 2213.0000

1892-93 | 85826880 £23.7500 82045 4360 3510 1919.8870

1993-94 | 61280381 £55.3132 8754.3513 6.277 1980.7620

1994-95 | D8B5.2758 821.14H 108064288 | 10.44& 1454 6160

185696 | 107346225 | 739.5908 11474 2133 [ B.150 2215 0160

1886-97 10804 GBES 1052.8935 ! 118575520 | 3.341 1924.1700

19%7-58 11730.0648 1093.3447 | 128824095 | 8.643 1997 0000

1998-08 | 13126.073 7461321 13872.2052 | 7.683 2186.000

Source; Reterence] 20]

2,2.5. Administrative Arrangement of Power Station

Organizational structure of the power plants of BPDB depends on capacity of power

production. Plants with 200MW or more capacity are conirolled by Chief Engineer with two

or three Superintendent Engineers. These engineers are usually responsible for operation

and maintenance of the plant Plant with generating capacity of 40MW or more but less than

200MW are run by a Superintendent Engineer as manager while two executive engineers

are in control of operation and maintenance of the plant. 1t may be mentioned here that each

plant has two distinct areas of work. These are operation and maintenance. Operational

staffs arc doing Tepular operational job and maintenance sialls are carrying out routine and

preventive matntenance.
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Figure 2.4: Organization of Power Flant.

Figure 2.4 shows the upper tier of the organization chart ol power plant of BPDB. The

managers of power plants have very limited authority in strategic and certain operattonal

matters. As 3 result the smooth running of the plant are adversely aitected.

Recently BPDB has statted a new administrative armangement of its power plants,

Hartpur plant with 100MW capacity has been made a stralegic business unt. This

administrative authority and responsibility has been largely recast to give more

autonomy to the plant management, Figure 2 5 shows the orgamzational structure of the

top tire of Haripur Plant,

.
CHAIRMAN ;
{Chairman BPDB) !
|
I
I
I
I
|
I
| PMB
;
'
MEMBER i
i
1
¢ |
_________ J
MEMDER SECRTTARYY
Chicf {Opoating OMfver
PMC

MELERE

PEFUTY M AN AGER(G eneral)
HPS-Wember Scoretary

Figure 2.5: Organization of SBU Haripur Power Station,
The Plant Management Board {PMB} consists of 9(nine) members. The Chairman of BPDB

is the Chairman and Manager of Haripur Power Station is the Member Secretary of this

Board. The Management Board s the apex body responsible for managemernt of Haripur
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Power Station. The Board is primarily responsible for strategic management to ensure
smooth generation of power by efficient utilization of the facilities.
The Plant Management Commitiee consists of 6(six) members. The Manager of Haripur
Power station is the Chief Operating Officer and Deputy Manager {General) of Hanpur
Power Station is the Member Secretary of this Committee. The PMC will be respensible to
assist the Manager and the board to ensure smooth operation and maintenance of the Power
Station.
PMB is empowered to exercise the same financial and administrative power as that af
DPDR, while the Plant Mansgement Committee of the Station will exercise most of the
total fAnancial and administrative powers of PMB in respect of material, cquipment,
machinery, service and human resources. The delegation of the above authorities has greatly
improved the operational efficiency of the plant, Noticeable improvements were cbserved
[11] in one vear. The overall performence and achievement of HPS duning the first year of
its operation as SBU is quite satisfactory and appreciable. The main achievements may be
summarized as.
{(a} The employees are motivated to face the challenges of the reform,
{b) Discipline has been established everywhere.
{c) Shortening the time required for procurement of foreign spare to a preater extent.
(d) Analysis of past roubles and Laking necessary countermeasures.
(2} Preparation of shon, medium and long-term maintcnance plans.
() Tmpaning on -job training for all categones of the employees
(g}  Implementation of all types of routine, preventive, mapency & schedule mainterance
including CI{Combustion Inspection}, HGPI{Hot Gas Path Inspection), and MOH as per
manufacturer's schedule without the assistance of foreign experts
(h) Practicing of total quality management in the stations.
As a result the operational performance of the plant has attained its targcted goals as shown
0 Table 2.4.

Tahle 2.4: Operational performance of HPS

Parameter Tarpet Achievement
(eneration 442 0AGWh 488 88GWh
Plant Availability 86.05% 9%

Reliability 98 42% 98, 18%
Efficiency 23% 23%
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2.3. Transmission and Distribution Grid of BPDB

BPDB owned and operated the transmission and distribution system until 1996, In July
1997 Power Grid Company of Bangtadesh (PGCB) was created (o own and operated the
transmission system.PGCRB is a limited company with a board of directors. A part (30%) of
the transmission system was handed over to PGCB from BPDB. Eventually BPDB and
DESA will hand over all 230KV, 132KV and 66KV lines and terminal equipment,_and
agsets to PGCH. The administration of PGCB and BPDB are still strongly linked. As such
discussion on transmission and distribution of electricity in this section is presented

assuming BPDB owning the system.

2.3.1. Description of the Transmission and Distribution Network

Table 2.5, 26, 2.7, 28, 29 and 2.10 presents the physical and technical parameter of
different components of the transmission and distribution system of BPDB.
Table 2.5: 230 KV Existing Grid lines.

5. | Mame Lengthin | Lengihin | No  of | Conducter | Conduocter
No. roate Ck. km | Cht brand Namc | Sire
{km) .
1 East- Wesl  FElcotrical | 179 358 Double | Mallard TSMCM
Interconmeelor
2 Tongi<Fharasal 27 34 Double | Mailard TECM
3 Ashuganj-Ghorasal 14 B8 Dauble | Mallard 795MCM
4 Raujan-Hathazan 22 44 Dquble Twin 300
SO.T01. 1M
3 Ashopani-Comilla 79 15% Double | Finch 1i13MCM
[ Ghorasal-Haripur- £l 120 Double | Twin FUIMCM
Hasnahad Mallard
7 Ishurdi-Blgramara 3 1h Double | Mallard TR5MOM
] Comilla-Hathazari 151 3042 Double | Twin 2XTaSMCM
hallard
Total 570 1140

Gonreer Reference [20].
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Table 2.6: 132 KV Existing Grid lines,

§L | Name Length i | Lengthin | No, of | Conductor | Conductor
No rouls Ckt. km | Cki brand Namng | Size
(krm)
1 Siddhirpanj-Shahjibasar 133 276 Double | Grosbeak 635MCM
2 Kapta-Siddinrganj 273 540 Double | Grosbeak &35MCM
3 Kalshi-Hatishahar 13 13 Single | Grosheak 635MCM
4 Shahjibasat-Chatak 150 gL} Double | Grosbeak 635060CM
3 Comilla North-Chandpur 70 0 Single | Linnest+
Grosheak

6 Comilla  Nomh-Comilla | 16 32 Double | Grosbesk 633MCM

South
7 Ashuganj-Tamalpur 166 166 Single | Grosbeak 635MCM
& Madanhat-Sikalbgha 13 26 Danhle | Grosbedk 635MCM

| 9| Sikalbaha-Dohazari 35 0 Dauble | Grosbealk | 635MCM

10 | Sikalbaha-Halishar 13 13 Single | AAAC B4 sg.m. o
11 | Kabirpur-Tangl 31 73 Single | Grosbenk &315MCM
12 | Kulslu-Baraulia 13 13 Single ! Grosbeak 635MCM
13 | Madauhat-Knlsh 13 13 Single | Grosbeak 633MCM
14 | Madanhat-Kulsiu 13 13 Single | Grosbeak H3ISMEM
15 | Kaptai-Baroaulia 53 116 Dutle | Grosbeak 635MCM
16 | Dohazari-Cox"s Bazar ] 85 Single | Grosbeak 635SMCM
17 | Feni-Chowimuhani 32 32 Single ! Grosbeak &35MCM
18 | Mymensingh-Netrokona 34 34 Single | Grosheak 615MCM
19 | Goalpara-lshurdi 169 338 Double | HAWK 4TTMOCM
20 | Ishurdi-Bogn 106 212 Double | HAWK 47T
21 | Bogra-Sadpur 134} 280 Deoublz | HAWK ATTMCM
22 | Saidpur-Thakurgaon 64 128 Double | TIAWK 47IMCM
23 | Goalpara-Barerhat-Bansal | 109 14 Single | HAWK 47TMCM
24 | Bagerhat-Mongla 31 31 Sungle | HAWK $3TMCM
23 | Barisal-Paiuakhali 37 37 Simgle | Grosbeak 033MCM
26 | Kawkhati-Bhandara 8 ] Single | HAWK 47TMCM
27 | Bheramara-Bhandaria 225 450 Double | HAWEK 47MCM
28 | Rajshahi-Matore 40 410 Siogle | HAWK 47TMCH
29 | Ishurdi-Shahjadpar 73 73 Single | Grosbeak | 635MCM
30 | Bogra-Semyean &l 132 Double | Groshoak 635MCM
3l | Sermjegani-Shahjadpuor M 65 Double | Grosbeak 633MCM
32 | Rajshahi-Nawabgam 437 54 Double | Grosbeak 635MOM
33 | Ishurdi-Pabma 16 16 Single | Grosbeak 633MCM
34 | Pabna-Shahjadpur 40 H) Single | Grosbeak 633MCM
35 | Ranppur-Lalmonirhal 38 38 Suple | Grosheak N 3ISWCM
36 | Boprs-Noagaon 52 52 Single | Grosbeak G33MCM
37 | Comillais)-Baraulia 150 150 Single | Grosbeak 6353MCM

Total 2634 4 1%)

Seurce: Relerence [20].
Table 2.7: 66 KV Existing Grid Lines.
Bl | Nate Lengthin | Length in | No. of | Conductor Caonducior
M, rote Cki. k| Ckt brand Name | Siag
(kam)

| Ragshahi-lshurdi-Pubna- 167 176 Single

Ullapars-Scrpgan

Total 167 167

Source: Reference (20]
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The salient feature of the grid sub stations for 230KV and 132KV are as below.
Table 2.8; Existing 230KV Substations.

SL MName ol the Grid Sub Station Transformer CAPACHY
No. (MVA)
| & [ Raojan{P/S) -

2 | Hathazari Ix150

3. | Comilla (N} 1%225 {3x75)

+ | Ashuganj 2x150

5 | Ghorasal 2x1235

6. | Tong 2x225 (7x75%)

7. | Haripur 2x225(7x75%)

§. | Hasnabad 2x225(7x75%)

9 | 1shurdi In225(9x75)
Total 3250

Somwee. Referene |20,

Table 2.9: Existing 132 KV Grid Sub Stations (Fast).

sl Name of the Grid Sub Station Transformer capacily
No {MMVA)
1| Siddhirgnj 2S0ES
2 | Maniknagor Switching Station
3 | Hasnabad 3x35/50/55
1 [Tong B
5 | Kabirpur 2x25/41
& | Ghorashal 2x50
? | Ashugan 2x15/25
Baraulia Ix28/40
% | Chandpur 2x 1520
10§ Chandroghona 2x10/13.33
11 | Chatak 2x15/20
12| Comilla (N) 1x40
I3 | Comilla (S) 2x25/4 1|
14 | Cox’s Bazar 1x16/20
15 | Dphazari 2x28/40
16 | Fenchuganj 1x15/19 93

17 [ Fenchuganj P/§

Switching Statign

18 | Feni

2x15/20

12 | Halisahar 2x44.1/63
20 | Hathazari 2x44 1/63
21 | Jamalpur 2x25/41

22 | Kaptai 1x15/20

23 | Kishorgany 2x15/20

24} Hulshi 2x44.1/63
25 | Madanhat 1x25/41.67
26 | Mymensingh 2x25/4]

27 | Shahjibazar 1x25
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28 | Sikalbaha 2x25/41 677

2% | Sreemongol 2x15/20

30 ) Sylhet 2%25/41

il | Tangail 2x25/41

32 | Netrokona 2x15/20

33 | Chowmehom 2x25/41
Total 2376 27

Source: Reference [20].

Table 2.10; Existing 132 KV Grid Sub Station (West).

sl Name ol he Grid Suh Station Transformer capacity
o (MVAY
I Lagerhat Ix10 31 33
2 13arizal 2541
3 Dhermnara 1x12 316 67
4 Lioguin 232541
3 Botizil 2x25/41
& Faridpur 2415720
7 (ioalpam 2412 51667
£ Eshurdh 2x15/20
1x2 5/16.67
i Jessore Pl
1) Thenaidah 220
Tl Khulos (C) Jxdbing
| 12 Madaripur 251061333
13 Mangla 2x1(¥13.33
14 Malor: 2x L5020
15 Noaparn 220
16 Palushhai 2115620
17 Purbosavoedpur 21251667
& Rajshaly %2533
14 Rangpur 2a25/1
20 Seyadpur 22541
21 Shahjadmur 141520
22 Lhakurgann 1412 3/16 67
Lala/2t
1x10613 33
23 Pl 2425141
24 Mawabzuni 2x15f20
25 Scrajgamn) 2% 15720
24 Lalmomirut 2x 1520
27 Naogaoi 2x25M1
25 Fatuakhal 21520
au Bhandana 1xl0/13.33
Tolal 1575640

Source Relenmue |20

The tatal lenuth of distribution lines compnsing 33KV, 11KV, and 11/0.4KV lines stood at
30363 km at the end of FY 1999-2000 compared to 38658km at the end of FY 1998-1599,
A total of 705km of distribution lines were added for the increment of 7.18% consumer. The

system loss of BPDB’s own distnibution lines are 27.86%.



2.3.2. Administrative Arrangement of the Transmission and Distribution Grid

BPDB owned transmission system is at present maintained and monitored by a chief
engineer Total transmission system is divided into several circles. One supenimendent
enpineer is the head of each circle Two or Lhree executive engineers’ assists the head of that
circle These executive engineers arc the heads of each division. Few sub-stations and
included grid lines are maintained and monitored by one divisional head. One Sub-

divisional engineer is in charge of 2 sub-station. The upper tier of the transmission system is

shown in the figure 2.5,

MLMDOLE
T ransrmzsion &
Sastedn Oparatfon

!

Chief Frgincer
Transmission

v

v v v v v

v

Figure 2.6: Organization chart of Transmission System.
A mew transmission company named Power Grid Company of Bangladesh (PGCB) is m
operation with part slake fom private seclor. The PGCB has two-apex body of
mansgement. Thesc are beard of direclors and management. Chairman BPDB is the
chairman of the beard of directors. This board consists of 9ntne) member including
chairman and three members from PGCB and others from out side. The management 15 the

executive body for operalional purpese where Managing Director is the head of the
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management Others are Dircctor (Technical) and Director (Finance) These directors are

part of the board. Figure 2 7 shows the upper tirc organizational arrangement of PGCE.

CHATRMAN
{Chairman BPDB) %

¥

bamagnne Direetor of PCCIE

MEMEER |

Management

L[}irectur{Toch.) I

Diareclor{Fin)

>

Figure 2.7: Upper Organizational arrangement of PGCB.
As per the agreement with GOB, PGCB will own and opcrate the whaole transmission
system after December 2002. BPDB has staried handing over the transmission assets to
PGCB. The present siate of ownership 1s shown in Table 2.11.

Table 2.11; Handed over transmission assets to FPGCH.

‘I vpe of Transmission Length/Capacity Sectors

230KY Transmussion Line 479 5km Halhazan -Comilla-Ashuganj-Ghorasal-
Isheandi. Ghorashat-Tangi

132KV Tansmussion Ling 653km Hathazan-Feni-Comulla-Ashegani-
Kishorgany-Mymensmgh-
Jamalpur Mymensimgh-
Wetrokona, Comlla-Chandpur, Feni-
Chowmuhani. Comilla-Hanpur-
Siddirgon).

123/33KY Sub-Siation OBIMVA within (rmsmission area

PGCH has taken over the main transmission line (230KV) from Chittagong to Ishwardi,
which is about 61 4% of total 230KV existing Imes, I has aiso taken over one major feeder
to Dhaka city — the top most consumption center of the couniry As to 132KV transmission
line, PGCB has taken cver the most of the nelwork in the eastern part of the country except

Dhaka city and greater Sylhet area.
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Smooth distribution and control is the parl of power management. Considering this view
whole distribution network has been divided into eight zones depending on geograplical
area of Bangladesh Chief engineer is the head of each zone, The Chief Engineers of the
zones are under the supervision and control of Member of BPDB in charge of Disiribution.
Al present the zones are Sylhct, Comilla, Rajshehi, Chittagong, Rangpur, Mymensing,
Khulna and Barisal. Depending on coverage of a zone, two or three Superintendent
Engineer assists Chief Engineer. Figure 2.8 shows the organizational arrangement of the

distribution system of BPDB.

MEMBER
Dislribution
Chiel Chief Chiel Chicl Chuef Chief || Chicl Chief
Enginect || Engineer Engineer Engmoer Enginesr Engineer || Bngincer j| Engincer
Khulna Barisal Mymnensing Rangpur Chikagong Comilla Rajshahi Shihet
Circle Circle Cucle
{SE) (SE) (5 E)
Drivigion Dhvision Division
(Xem (Xen) {Xen}
v ' v
SEU Of&M Can. Complain

*E51U= Eleciric Supply Unit, Q&= Operation and Mauinlenance, Con Complam Consumers Complinn,

Figure 2.8: Organization Chart ef Distribution System.

Due to years of mismanagement resulting in systern loss, BPDB has takcn up a new concept
of distribution management Two pilot scale projects were taken in two Divisions in
Mymensingh termed as Strategic Business Unit (SBU). SBU covers one Division, The basic
phitosophy of SBU concept is to deliver quality service to the consumers at the existing
price. To make the unit financizlly viable and run it efficiently SBU was conceived m such

way so that each and every output of SBU activity can be measured as per standard set of
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indicators and at the same time quality of service and product can be compared with
standard specification. An incentive and punishment system is also formulated to motivate
the people working in the SBUs. A task force comprising executives from the Division as
well executives trom the Power Cell will manage the strategic matters of the umt.

After the first phase (first 6 month) the SBUs achieved quite encouraging results These are
shown in Table 2 12

Table 2.12: Achitvement in the SB1ls.

Parameter Jamalpur SBU Sherpur SBU
Demand Saved 0.872MW 1 0OMw

Extra Reverue Added TK64.24 lac Tk32 4 lac
Distribution loss

Reduce to 15.01% from 29.85% 17 78% from 33.96%
Collection/Tmpeort ratio

Imprave from 54% to 10XE% 57 70% to 36.51%

2.4, System Loss

The System loss in electricity is an unpleasant and acute problem in Bangladesh. This is an
outcome from the mismanagement since long. Two basic system losses are technical loss
and non-technical loss. The combined net system loss of BPDB and DESA has been around
36% and overall collection has been around 80% of biiling {(FY 1999-00) This mecans that
the overall collection to generation ratic has been only around 65%. The existing system
loss in BPDB is shawn in the figure 2.6, It can be seen that the loss has come down over the
years and leveled off at around 16% for last few years. Different factors that contrbute to

system loss are described next
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Figure 2.9: System loss on Net gencmtion,

2.4.1. Technical Losses

Technical losses are cansed due lo inherent resistance of mctal of line, Tronsformer,
Tsolators, Connectors end other electric equipment. This cannot be made zero due to metal
characteristics but it can be kept at minimum level. The causes of technical losses and its
probable reduction measures are given below:

Long Length of Feeder.

Expansion of distribution lines withoul any technical design feasibility and in unplanned
way due to customer dernand, and political pressure has resulled in inefficient system, Some

ol the feeder of 11KV are more than 150Km long and lacks allernative point of power

supply.
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Renovation of Feeders

In urban arcas power demand increases tremendously but the conductor size remain old and
inadequate. This cause high technical losses. Some time linemen use G.1. wire due to non-
availability of correct wire which adds distribution loss iremendously.

Improper Distribution Transformers.

The small size transformer available now is 25KVA but some village and irrigation pump
require 10KV A transformer or less which adds technical loss. Due to fast growing demand
in urban area the transformer gets easily overloaded. This alse results in technical losses.

Low Power Factor.

Low power factor on the distribution system is the major cause of technical losses.
Irfigation pumps, Induction motots ete in the industry, electric fans and air conditioners
contribute to low power factor due te hgh reactance of motors, The generators,
transmission and distribution lines also contnbute reactive power.

Connections, Isolators, Dropout Fuses, Consumers Service

Most of the line staff of BPDB has shallow knowladge or no knowledpe about technology
of electric supply system and proper utilizalion of this item, which led to poor
workmanship. This poor work causes technical losses.

Meifering.

There may be a little or a margina! loss in metering but slow operation of meter causes
losses. T.ow qualily single phase meters manufactured in some Countries runs slower aller
few years while good quality meters from South Korea and Japan have no such problem.
These low quality meters run 3-5% slower afier a few years and this results in considerable

lass of revemie

2.4.2, Non-Technical Losses

Non-Technical losses nclude pilferage of electricity, administrative errors in metering
system, mismanagement in distribution sector, meter tempering, low professionalism,
disloya! employ staring from lower level to top of the pyramid, fraudulent practice of the
customer These losses can be made zero if the bonafide loval management system can be

mproved
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2.5, Cost and Revenue

Financially BPDR is incurring loss. The operating cosi and revenuc collection in 1999-2000
as in Table 2 13 shows the non-operating expenses constitute a considerable part {19%) of
the total expendrture and is the cause of operating loss of BPDE.

Table 2.13 : Operating Cost and Revenue Collection in 1999-2000

Operational Revenue
Clectncity Sales s TK., 27358 62 millien,
Other operating income . TK. 503.08 million
Teotal operating revenue c TK.  27,861.70 million,
Operating expenscs
Fuel cost - TK 9,143 82 million.
Llectncity purchase from [PP : TK 3,639.47 million.
Depreciation : TK 7,002 26 milhon.
Repair and Maintcnance : TK 2,411 57 million.
Personne! Expenses - TK 2,336.95 million.
Office and Administrative Expenses : TK 1,146.76 milhon.
Assets Insurance Fund T 15.00 millien.
Transmission Charge paid to PGCB . TK 12,03 million.
Total Operating Expenses D TK 25,707.88 million.
Operating Income TK 2,153.82 mllion.
Mon- Operating Expenses.
Interest on Loans . TK 3,076 98 million.
Loss due to Exchange Rate Fluctuation © TK 3,021.02 milion,
Net Non- Operating Expenses - TK 6,098 millien.
Met loss : TK. 3,944 18 million.

Source- Reference [200]

Table 2.14 shows hilling and revenue collection of BPDB for last 10 years. The figures in
the last column of the table supeest that BPDB fails to collect its due revenue, From the
table it can be seen that on the average 12% of the billing amount is not collected. Had it
been collecied timely, revcnue collection in 19992000 would have increased by Tk

3300miilion, which is close to the operational loss of Tk. 3944 million
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Table 2.14; Billing Rate and Revenue Collection

Year Billing Giross Billing | Gross Collec Cotlec. as Collection./
Rate Million Taka | Million Taka | % of Billing | Net gen. %
TX/Kwh
1991-92 2.00 12220.56 10484 71 85.80%% 62,41 %
199293 1.90 1329591 12080 68 90.86% 73.10%
1693-94 1.89 1424503 11977.10 34.08% 68.84%
1994-95 1.87 15604 83 14271.75 86,.73% 74 92%
1995-96 1.87 i7010.70 15582.47 91.60% 77.06%
1996-97 1.96 18740.22 16266 11 86.80% 73 92%
1967-9% 2.07 21204.72 17388.91 32.00% 69.05%
1998-99 208 23862 43 1647521 69 04% 58.05%
1999-00 2,20 2777435 22894 46 82.43% 70.70%
2000-01 225

Soune- Referance [20].

42




CHAPTER-03

IPPs (Independent Power Producers) and
Their Operation in Power Sector
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CHAPTER-3
IPPs (Independent Power Producers) and Their Operation in Power Sector
AL Brief Background

Afier Liberation war (he damaged power installations were rchabilitated with the finance
and help of mulilateral donors till 1990. Bul the forcign investors were not in favor of
financing in Frergy Sector of Bangladesh [13,25] due o its mismanagement and huge

15

% Reserve margin

‘gﬁg*ﬁﬁﬁg*g
T B B
Year

Soumue- Belerenes: [20]

Figure-3.1: Year wise reserve margin.

ron-technical losses. However, development in industrial and commercial sector continued
resulting in increased demand of electnicity. Naturally the gap between the supply and
demand widened leading to lower and lower reserve margin as can be seen in Figure 3.1.
The power outage was a routine matler due to low reserve margin, According te the power

system Master Plan (PSMP-1995) an investment of US § 6.6 billion for tbe power seclor
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would have been necessary to meet the demand untit 2010. The Government of Bangladesh
realized that this huge investmenl during this period far exceed the capacity of the public
scctar as donors withdrew their financing To meet the balance between the demand and
supply only private sector could come with necessary fund in shorter penod. With this
reglization government encouraged private parlicipation to meet the growing demand. In
thiy respect GOB formulated 2 private sector power peneration policy in 1996 and the first

private sector power plant came int¢ operaiion in 12 September 1998

3.2. Description of IPPs

Starling from 1998 so far 685MW[2,3] power has been added from the private secior and
960MW more is in the construction stage. Table 3.1 presents the location, capacity and
states of the TPPs in the country. [t can be seen from the table that the toial privaie power
peneration in the east zone will be 1515MW(92%) and only 130MW{8%) will be generated
from west zone The main reeson for this unbalanced location is the availability of cheap
natural gas in the East.

Among the total commitied generation capability in private sector, S40MW(57%) will be
by combined cycle technology, the most elficient technology in power generation. Typical
efficiency of combined cycle plant is about 45% The rest is produced by gas turbine {9%4)
and gasfdiesel enginc {34%) technology.

Almost all the plants were contracted for fifleen year except for AES Meghnapghat and AES
Haripur after the date of full commercial operation. The comract year lor AES Meghnaghat
and AES Haripur is 22 vyears. ARer the agreed period renewal will be decided by GOB.
IPPs under REB will not contribute to national grid directly, They wall fulfill the demand ef
PBSs, so that PBSs become somewhat independent of BPDB
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Table-3.1: Description of IPPs with tarilT and capability.

3| - . Contracted . P Present
Mo, I IPPs Sit/Locatiia Capacity im MW Type of Statary
Gas, Digsel (GD
Kluima Power E;:gme I[lé:ﬁ.ﬁ} .
1 Compars Ltd | Goalpara. Khulna 110 MW)  Operaling it Operation
(®PCL) with HF O
Weslrnonl oo W GT
Power . A - . M in
2 Baghabar, Simjgeny | 130 (2x 453 MW . T.) .
Ef;‘ghdm‘ (x40 MW 5Ty | Operation
: Gas. Thesel (GD)
NEPC . -
. Haripur, Engine Crperating .
3| Consortum |\, o angon Lo (8x15 MW) with | '™ OPerRiion
Power Lid. Cas
235 MW GT
AES  Hari cCC under
4, oL | Henpur 3600 (1x235 MW G.T)) | Comimissionin
privale Lt (1xi25MWST) | g CC. under
constniclion
AES cc Under
5 Meghnaghal Meghnagha 450 (2x150 MW G T constrction
Lid. {12150 MW 5T}
AES  Harjpur . 035 I o
b prvale Lid Hanpur ] T
Shambhuigan; GT (4x 3% MW .
* .
7. RFCL Mymensingh 140 G s Operation
REE Comilla, Ngarmj. | 30 (3 » 1OWMW -
8 Tongi Capacity) In Operation
B0 (Bx  1OMW Under
i HEB {apacity) Construciion
Total 1645

[Soce: PP Cell wn BPDBE]

{* Mixed sector [PP 28%; share owned by REDR and 72% by PRSs)

3.3. Relationship of IPPs with Public Sector

At present the Ministry of Energy and Mineral Resource conirols the Energy Sector. Under
MEMR. several organizations work for electricity such as BPDB, DESA, DESCO, PGB,
IPP. As BPDB buys power [fom TPPs, they have most interaction with BPDB. IPPs interact

with Power Ceil, the think tank of the mimstry dunng contract li}nnatiop, negotiation,

finalization and during implementation of the comract.

A section within the Commercial Operation division of BPDB called 1PP Cell deal with the

[PPs on day-to-day basis. The cell checks the bill submitted by the 1PPs based on the data

from Commercial Operation, System Planning and LDC in Transmission and Disinbution

Sector of BPDB. Afier vetting the inll, IPP Cell forwards it to the invoice committee in

commercial operalion division. The invoice committee composed of very senior officers in

commercial operation scrutinizes the bill and forwards it to director lnance and member
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Fmance for their approval. After petting the approval from them the chaiman of BFDB
approves the invoice for final payment.

Figure 3.2 schematically shows the relationship of TPPs with Power Cell and different
components of BPDB. 1PPs operating under PBSs of REB only deal with the respective
PBS, as they are autonomous hodies within RER. As regards operation planning LDC of
BPDB places demand to [PPs with a information to System Planning and 1FP Cell.

REl |4— | LBPDB M———————W P‘-"(Eﬁ"
i | \\‘-. f !
i "o
1 . 2 _"*1:""¥ ___________ ¥
! — Com. Transmission &
: Planmng aperanon Disiribution(LDL)
! T
' Vo 2 v
i i A
! 1
e
0 s 4
1z -
1 H IPP Ce'll .I.“ E N N T P LY FIT R TR RTTL IRE PR ETR LA
¥ BPDE :
PB5s
4 A
7 o
? Y ¥
IPPs
|Sorce: TR Cell in BPB}
Information Exchange Link = >
Commercial Activily connection  --====-==-=-- >
Contractual Activity Link -

Figure-3.2: Relationship and Administrative link with public and private sector.

4. Important Contract [ssnes

The 1PPs operating in Bangladesh can be grouped into two categones. One group of 1PPs
have high tarifT rate while another group has low tariff rate. This section is based on the
contracts of, a high tanff IPP and a low tedff IPP. BPDR is operating with the IPPs based
on the agreed terms and contracis. Major issues related to operation and management of

1PP= vis-a-vis BPDB 15 noted below.
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3.4.1. Higher Tarill Rate IPPs]8]

The company shall be responsible for penerating and siepping up of power to the 132
KV level and the company will arrange interconnection between the plant and nearest 132
KV grid sub-station through a 132 KV transmission line/cable. The 1PPs shall be
responsible for all safety protection for the plant and mierconnection line protection. This
cost shall be reimbursed by BPDB relating to interconnection facilities under agreed terms
and condition.

TPPs shall be responsible for design, firnish, construction and install in accordance with
aprced condnions.

The plant commercial operation tests shall be carried out as per the agreement. Upon
satisfactory completion of the plant commercial operation tests, the 1PP shall notify BPDB
that the plant commercial operation date shall occur on the following day. The IPPs shall
also procure a certificate of an independent engineer approved by BPDB, certifying that the
plant’s testing has been completed and thal the plant is available for Rull commercial
operation and shall provide a copy of such certificate to BPDB by no later than seven {7)
days after the company receive such cerlificate.

BPDR shall pay to the TPPs the tarilf charge in accordance with the agreement for alt Nel
Electric Qutput (NEO) supplied to the delivery peint after the commissioning date and prior
Lo the full commercial opcration date.

In the event IPP is unable to undertake the commissioning and/or testing of the plant in
accordance with the programs and procedures as per the agreement duc to failure by BPDB
to issue sufficient dispatch instructions for the plant or accept power, BPDB shall pay
liquidated damages to the IPPs at 50% plant factor as capacity payment,

BPDB shall issue dispatch instruction censistent with and within the functional
specification. Outage & maintenance has to be taken with prior notice.

A capacity test shall be carried out al least once in a year as per the agreed schedule or if
BPDB reasonably believes that the current guaranteed capacity (GC) does not accurately
reflect Lthe capacity available to BEDIY's system, BPDB shall have the nght to request onc
additional capacily test of the plant.

Between commissioning date and full commercial operation date dispatch shall be at the

discreticn of the TP'Ps.
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TPPs shall have a fuel stock to operate the plant at the current guaranteed capacity (GC)
for a continuous peried of 30 (Thirly) days at plant factor (PF) of 80%. JFBPDB is unable to
supply gas, then the IPPs shal! be under obligation to continue the operation using liquid
fuel, Tn this evem the FT (Fuel Tariff) portion of the tariff charges shall be calculated as per
the fuel chart based on hiquid fuel.

Electricity soid and purchased shell be calculated as per the reading from delivery point
and all transmission loss before the delivery point shall be for the IPPs aceount and all
transmission losses beyond the delivery point (DP) shall be for BPDB's account.

The 1PPs shall within thirty (30) days of the end of each month prepare and issue to
BPDB an invoice in respect of the tariff charges due from BPDB for that month. Tarill
charge payable by BPDB here under shall be due and payable within forty-five (45} days
afier the date of delivery of the invoice. After the due dsie BPDB shall pay the [PPs with
simple irterest.

Invoice amounts due o the IPPs will be paid by the BPDB in Banpladesh Taka at the
exchange rate for purchase of US dollars as on the business day immediately preceding the
date on which payment is made plus commissions and other conversion fees payable by the
company for conversion of such amount to US Dollars,

BPDB may nol ierminate this agreement as a result of a IPPs event of default as per
agreement without first giving a copy of any notices required to be given to the IPPs.

In the event that upon completion of the plant commercial operation’s test {a) the
guaranteed capacity (GC) is less than 82% of installed capacity then the IPPs shall pay
RPDB at the rate of US Doflars 20,000 for each MW by which the guarantced capacity
{GC}is less than 82% of installed capacity but will not exceed
5 MW or (b} If the guaranteed capacity 15 less than 77%% of the installed capacity then BPDB
shall have the night to terminate the agrecment and forfeit the performance bond forthwith.

If BPDB fails to buy mimtmum guaranteed capacity {(GC) then the minimum guaranteed
payment (payment for 50% PF) payable to the 1PPs in 2 month will be calculated as per this
agreement. This payment will not include fuei tariff.

If the Force Majure event occurs, resulting in damage io, or other adverse eflect on, the
Plant, the IPPs as soon as reasonably practicable shall submit to BPDB a good failh estimate
of the cost of restoration and a proposed restoration schedule. If the parties cannot agree on
such cost and schedule within thirty {30) days of such submiital, than the matter shall be
referred to an expert for settlement. If this agreement is not terminated by BPDB as per the
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compensation clause, the IPPs shall be entitled to receive recovery allowance payments
from BPDB to recover fully the difference between the restoration costs incurred and any
insurance proceeds received by the TPPs as a result of the occurrence of such Force
Majeure

As per the agreement the tariff will be in two paris, one is cnergy payment and the other
is capacity payment depending on the Net Electric Qutput (NEQ) at ihe delivery point. [ach
IPP have a separate tariff rate depending on plant factor {PF) and fuel burnt. Onc IPP
{pllows the following formula. These are -

Operation and Maintenance TariffifOMT).

As per the agreemeni the 99% of NEQ will be calculated in dollar and then it will be
converted to Taka and 1% will be directly calculated in Taka. Fuel tariff will be calculated
as per the rate in PPA (Power Purchase Agreement). The tolal tariff rate will be the sum of
OMT and FT [8].

OMT has two parts
Part 1: Dollar Component in Taka.

OMT
={OMT at taniff schedule) X {US Dollar- Taka Exchange rate adjustment factor) X0.99
Pan 2 Taka Component,

OMT=(OMT at taniff schedule} X 0.01
l'uel Tanff {FT}.

FT=(FT at ladff schedule} X Fue! {gas/diesel) adjustment factor with base rate.

Tariff Rate = OMT+FT

The detait of the tanff calculation is shown in Annexure C.

In casc of any dispute over guaranteed capacity {(GC) or Force Majeure compensation or
liquidated damage etc. the BPDB and IPPs have to select an Expert either through mutual
agreement or through International Chamber of Commerce Center (1CC) to mitigate the
dispute. The duration t¢ mitigate such dispute could be %0 days. However, it may continue
even longer In case of dispute over guaramteed capacity (GC) il is not mentioned whether
the [PPs will continue production or not.

For routine testing and maintenance the IPPs are allowed a maximum of 36 days of
outage in a year with full capacity payment. In case of more than 36 days of outage in a year
duc to & cause disputed by the partes, the matter will be resolved by a mutually agreed

Expert,
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3.4.2. Lower TarilT Rate 1PPs[12]

After the Commercial Operations date, the Dependable Capacity shall be tested annually
at times mutually agreed upon by IPPs and BPDB for the Facility, provided that such
Dependable Capacity Test shall to the extent possible be conducted within one month after
the completion of a scheduled outage.

From and afler the commercial operation date, BPDB shall pay to the IPPs, for each
month, Capacity Payment, in accordance wilh the agreement, for making available the
Dependabie Capacity in such menth, which shall be calculated by the agreed formula m the
PPA,

From and after ithe commercia! operation date, BPDB shall pay to the 1PPs, for each
month, the Energy Payment, in accordance with the egreement, for Net Energy pencrated
and supplied to BPDB, which shali be calculated by the agreed formula m the PPA The
formula for total payment includes capacity payment and energy payment as described
below:

Capacity Payment

CPus=CPNE mn + CPE mn

(CPmn = Capacity Payment payable for month “m” of contract year “n” in
Taka.

CPNE mn = Non-Escalable Capacity Payment payable fpr Month “m™ of
Contract Year “n” in Taka and calculated as under.

CPE wn = Escalable Capacity Payment payable for Momth “m” of
Contrast Year “n” in Taka and calculated as under.

{1y Calculation of CPNE.

CPNEmn = RNECP n X CEm X DCm,

RNFECP» = Reference Non-Escalable Capacity Price

CEw = The rate at which Bangladesh Bank sells one dollar 1n exchange

for Taka, as deterrmined by the Bangladesh Bank in the published
Exchange Rate Bulletin or publication of the Bangladesh Bank, on the

frrst day of the month

DCm = Actual rated Dependable Capacity in the month “m™.
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Energy Paymem
EPmn= YOMPmn + FPum.
Where'

EPun = Fnergy Payment payable in Taka for month “m” of Contract year

L

n’.
YOMPmn = Variable Operation and Maintenance Payment payable in

Taka for month of contract vear “n” and calculated as under.

o 1F

FPmm = Gas Payment payable in Taka in month “m’ of contract year “n
and calculated as under.

{1} Calcuiation of VOMP.

YOMPmn = Variable Operation and Maintenance Payment payable in
Taka for month “m™ of contract year “n” and calculated as follows,
VOMPiun= YOMP{US)m + YOMP(TK)}mn,

where:

YOMP(US)mn = Foreign Variable Operation and Maintenance Payment

denominated in dollars and payable in Taka for month “m” of contract
}rcar “:I-I_Trl
VOMP(TK)m = Local Variable Operation and Maintenance Payment

denominated in Taka and payable in Taka for month “m”™ of contract year
“n.
Total Payment = Capacity Payment + Energy Payment.

If, the resull of a Dependable Capacity Test carmied out as per the agreement 1s below the
Dependable Capacity, the rectification pericd shall be an eighteen (18} month period
commencing from the day following the date on which such annual test was carried out,
provided however that il the [PPs has taken reascnable steps 1o reslore the Dependable
Capacity equal to or grater than the Threshold Capacity any time prior to the expiry of such
eighteen {18) month pericd, the rectification period shall be extended for an additional
six(&) monih period.

BPDB has to pay to IPPs due Lo the political unrest termed as Political Force Majeure
Event &t commercially reasonable rates upon nolice to BPDB.

The 1PPs shall be exempted from any impesition of tax on the sale of electricity 0

BEDB
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Where the 1PPs maintains its existence as a company incorporated under the laws of
Bangladesh operating exclusively as a power generation company, the TPPs shall,
commencing on the commercial operations date and continuing until fiRleenth (15"
anniversary of the commercial operation date, be exempt from taxation or wathholding tax

in Bangladesh en its income

3.5. Experience of [PPs in Other Countries

There are many countries in the world where there are IPPs to generale electncity. Most of
the states in America allow TPPs to create a competitive market. Many states opted for
absolutely free market of electricity while many others were more conservative. The
experience of California where blackout became commen in recent years 15 mainly
attributed to free marketing of electricity.

Tn the UK, the power sector was with the government for long time On 1% April 1990 [24),
the electricity supply industry for England and Wales was fundamentally reformed. Prior to
that, a national owned company, the Central Electricity Generation Board (CEGB), which
had a virtual monopoly of generation and owned and operated the national high-voltage
transmission system, bad dominated the mdustry Twelve regionally based companies, also
owned by central government and then known as Area Boards, operated Lhe local low-
voltage distribution system and supplied electricity to final consumers, reading meters and
sending out bills.

While the reforms that took place are generally referred to in Brtain as privatization, they
actually comprised a number of distinct and separate changes. The besic phitosophy was to
separate, or deintegrate the industry into four main component parts-generation, supply,
transmission, and distribution. The activily of generation and high-voliage transmission are
easily understoed, but the idea that distribution and supply could be separate activity 15 less
familiar. Distribution covers the operation of the low-voltage distnibution system while
supply is the commercial activity of purchasing power and selling it to consumers. It was
believed thal generation and supply could be made competitive, while transmission and
distribution were natural monopelies. In the new structure, competitive procedures were
introduced for generation and supply and the barriers to entry for new companies
minimized. For transmission and distribution, a new system of regulation was introduced,
designed to provide strong incentives for the companies operating the menopelies to

improve their efficiency, passing on many of the benefits to consumers.
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In short therefore, the reforms comprised four main elements: privatization; restructuning
and de-integration; the introduction of competition in peneration and supply, and the
creation of a new body for economic regulation.

Tn India, the power generation, transmisston and distribution werc mainly done by siate
government agencies Some major power stations are owned by the central government
organizations. In recent years Maharastra State Electricity Board allowed an Amcrican
Company to establish a power plant at Dabhol. The contraci price per kwh appeared to be
very high and eventually the power purchasc agreement was not honoured and the case
ended up in the court

Every country that has mentioned in privatization of electricity generation, transmission,
and distribution system has strong regulatory authority, Without such strong authonty
privatization and perfect compelition leads o chaos and inefficiency as happened in the
state of California in the TJSA.

3.6. TImpacts of IPPs

3.6.1. Relief of Power Shortage.

Independemt Power Producers started generating power for the country when there was
acute shortage of power. Because of the funding constraint from the donor agencies the
government was also not in a position to esiablish power plants with cash money However,
allowing TPPs to penerate power and buying electricity from them was not all blessings. We
have seen the burden on BPDB due io payment of electricity. Strategically BPDB is
becoming dependent for power from the TPPs Alse, the price paid by BPDB for the
electricily is not the lowest. On the other hand, considering the importance of the electricity
in economic development it is difficult to say explicitly whether TPPs are good or bad for
the country, Withoul resolving the debate it is possible to say thal electricity from [PPs were
helpful to meet the acute shortage of power The country at least meets the major part of the
demand {17.10%) from the agriculture and the industry sector. Aparl from thal the 1PPs
have brought in state-of-the-art technologies and had some role in transferring the

technologies. The next section describes this contobution.

3.6.2. Technolegy Transfer from IPPs

Private power generating companies purchased plant & machinery from France, Germany,

& some other technically developed countnes. These are technologicelly new, efficient and
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sound, and are m good operational condition The efficiency is more than that of
comparable BPDIB plants. Most of the plants have capability to deliver maximum power at
30-60 degree Celsius ambient temperature. These plants are state-of-the-art technologies for
power gencration, Some of them come with distributed control system, very adwvance
combustion control and emission system. One of the power plant has remote operational
logging even outside the country. These plants were installed and commissioned by foreign
technicians and consultants in association with trained local engineers and technicians. All
the companies recruited local engineers and technicians to take over operation of the plants.
They were provided training on specific areas. The training programmes were carmied out in

differemt stages.

Pre Commissioning Training.

Before installation of the plant, most of the companies recruit few expericnced engmeers
and 1echnicians They were trained by the Original Equipment Manufacturing
{OEM)companies on specific technelogies like Generator, (as turbine, Sub-Stalion &
Switchgears, Transformer. These irainings were imparted al the OEM plant site where

assembling/manufactunng of the plant items were done.

Commissioning Training.

‘The cngineers, consultant and technicians from forexgn countnes along with trained local
engineers or technicians installed and commissioned the plants. Dunng this operations the
local people received another on-site, hands-on training. This mode of training is very
effective because foreign and local people work in a team and there is always scope for
learning. It may be mentioned that installing and comnussioning a plant is a very umque
opportunity to learn about the plant from scratch This expenence 15 invaluable and uselul

for subsequent operation and maintenance of the plant.

Oneration and Maintenanee training.

The company who supplied/assembled the plant machinery usually provide routine
operational and maintenance training which was the part of the agreemeni with the

company. Other than these, companies by their own arrangement provide operational and
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maittenance training Lo its staff to run the plant smoothly. In some cases the supplying
company operate the plant for ceriain period and gradually hand-over the responsibility to
plant O&M staff within an agreed time period. Some of the plant has separate O&M
Company. But most of the supplying companies provide maintenance and serviging during

agreed warranty period

On Job Truining.

‘T'o meet the future demands and get new professional engineer and technician these private
companies recruit engineers and technicians with relatively less experience or without
cxperience. The companies provide training to them while working with expert people This
mode of training is also effective. Discussion with plant management revealed that, they got

very good engineers through such training programme.

Technical Help from Supplying Compuny.

The supplying companies, of course, help the 1PPs to run the machinery within warranty
period and also afier warranty period due to business strategy. This is olten done when local
agents fail to solve the problem. During this kind of technical assistance local engineers

learn the techniques.

Observation on Technology transfer from IPPs.

Technology transfer is multistage process In case of power plant technology there could be

five stages as shown n figure 4.2
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Operation Operation/ _— Operation/
Maintenanc Adjustmeni
Stoge — 1 Stage — 3
Operation/ Invention
Modification
Stage — 4 Stape - 5

Figurc.4.2: Stages of Technology Development.
Transition from one stage to another is in fact the transition of the knowledge and skill of
the people involved in the process. In this aspect, the (mining programmes and the ways
these were carried out proved to be very eflective. The IPPs are operating for only four
vears. It is still early to sce whether (hese trainings can deliver at singe three and upwards.
However, discussion with trained people conveyed the massage that tbey are confident to

carry out stage three aclivities.

1.6.3. Potential Adverse Impact of IPPs

Availability of eleclric power is a very imporiant issue for the naiional development,
Presenily IPPs can be established with 100% forcign ownership. Wilhout very strict
regulatory body and anti-menopoly law, the country may beceme highly dependent ou the
IPPs for power vital to the nation. IPPs may try to choose (heir technology imrespective of
the demend patiemn in the country. They are also likely to expleit different benefit scheme

without much contribution to local value addition.
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CHAPTER-04

Electric Power Management with IPPs in
the System of Bangladesh.
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CHAPTER-04

Elcetric Power Management with IPPs in the system of
Bangladesh.

4.1. Introduction

Bangladesh needs Lo achieve and sustain an annua! electric growth rate of 8-100% to meet
the demand of eleciricity in the period of 2001-2007. But due to non- availability of fund
Bangladesh had to go for privatization in 1998 Before that BPDB was the only organmzation
in generation and transmission of Electric Power in the Country. Tn the distribution sector
DESA and PBSs were in uperation along with BPDB. Until 1998, (he management of
generation and transmission of electric power was monopolistic With the intrednction of
IPPs and PGCB the clectric power system management has become a multi-party business
with lot of communication, co-ordination and alliance maintenance. As an umbrella
organization BPDB has to manage different entittes on technical as well as strategic fromts.

As a result, management of the system has become non-linear and complicated.
4.2. Growth of Demand and Generation and the Role of TPPs

The power system master plan projected in 1995 that the demand in FY 2007 will be
667 1MW [3] and demand in FY2015 will 11,439MW. These growth plans warrant 10 per
cemt increase in 2007-2015 period. Planned generation capactty in FY2007 by BPDB wall
he 5693MW and by IPPs 2050MW resulting in tolal capacity of 7743MW, This will
provide 28% reserve margin in 2007. To meet the demand in 2007 as estimated in the
PSMP-1995 (607 1MW) new generation capacity must be added dunng 2001-2007 period. It
is planned that during this period BPDB will add 3000MW [3| and new and old IPPs
combine will have 26.5% of the total generation capacity of the system. This share of 1PPs
1% less than the reserve margin of the system. Swategicelly, keeping the combme IT'Ps
capacity within reserve margin is imporiant Otherwise their combine capaciy might dictate
the manacement of the system. It is also expected that TPPs will come with most efficient
lechnology i.e. combine cycte plant. BPDB is also likely to procure similar type of
technology. In such situation Lhere will be competition for the base load The load pattern in
Bangiadesh is not uniform through the day and night. The load pattern veries between the
day and night. The maximum demand occurs during the evening hours termed as ‘peak

hours’. The extent of this variation is measured in terms of load factor, which is the ratio of
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average and maximum demands. For economic reasons, it is desirable to have & gh load
factar, as this would permit better utilization ol plant capacity. The cost of energy supply
during peak hours is high as some relatively less efficient machines are also added for a

short duration during peak hours.

Typical Daily Load Curve
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(Source: System Planning of RPDE)
Figure-4.1: A Typical Daily Load Curve in Summer Season

It is seen from the present load curve in figure 4.1, that the average base load is 2150MW,
which is 70% of the maximum demand. If we assume that the characleristics of the daily
lond curve will be similar in FY2007 then the base load demand will be 4245. 7MW, If IPPs
will have combine cyele plants they will prefer continuous load. In such situation 1PPs share
of the hasc load will he 56% lcaving 1592MW lor BPDB, which will be only 25% of its
generation capacity of 5693MW, This will not be a desired situation. The load sharing
between the IPPs and BPDB is thus a question of choice of technology also. It is probably
wisc to workout a long-term load sharing stralegy hased on which B'DB and IPPs will
procure generation technology. This fong-term load sharing strategy must also consider the

cost-minimization aspect of generation of electricity.
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4.3. Financizl Management.

Financial position of BPDD was going from bad to worse. The sitnation further worsened
afler the introduction of TPPs in the system Table 4.1 shows the net loss of BPDB for four
vears of which first two years there were no financial transaction with IPPs.

Table 4.1: Actual Loss in Four Financial Years.

YEAR _ LOSS (Crore Taka)
159697 125 86
1997-9% B2 48
1998-99 320.40
1996-00 399 41

From financial teports it has been observed in Section 2.4 thai causes of main loss are
fluctyation of exchange rate and interest on losn, which termed es vnavoidable non-
techmical toss. In terms of cost and revenue also BPDB is at disadvantage. BPDB at present
sells clectricity to its bulk customer, REB at Tk.1.84/Kwh and IYESA at Tk.1.91/Kwh. The
average peneration cost of BPDB {Including IPP) is Tk 1.71/Kwh. The transmission and
distribution cost 1 Tk.0.914/Kwh. So, the total cost is about Tk 2.624/Kwh. It is clearly
evidenl that BPDB loscs at least Tk.0.71/Kwh for 75% of its output consutned by DESA
and REB. On top of that, collection to generation ratio is 69 1o 70% meaning BPDB is
borrowing money to feed DESA and other bulk cestomers. Due to this BPDB could not pay
to gas and cil company for its oil and gas. At present BPDB cannct pay to IPPs for its
electricity. The interest on loan and payment increasing more and more. This results in the
liquidity Problem of BPDB Financial problem of BPDR may be addressed n number of

ways. These are’

i. Reducing generation cost by optimum mix with 1PF and BPDB.
n, Revising tariff structure on profit basts

iii. Reducing system loss from present leve! to standard level.

iv Improving cash flow

Discussion on all these issues except the first one is beyond the scope of the present study.

4.4. Generation Mix Between BPDB and TPPs

As per the agreement GOB has many buying options from PPs. Thus BPDB can assess

different gencration mix for cost minimization. 1 this study few probable options within the
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bound of power purchase agreements are analyzed. Bounds of the PPAs are basically

constraints of the optimization problem Following are the contractual constramts from the

PPAs
1. GOB has to pay for a minimum amocunt of power whether it lakes the power or
not.
ii. GOB has to buy the power from each IPP at different rate at different plant
factor.

iil. The payment has (o be made in US doilar at current exchange rate.

iv BPDB has to pay [PPs on the basis of an egreed price formula.
The subsequemnt financial analyses are the expected demand in FY 2007 as projected by
PSMP-1995. Different situation termed as options are considered. The adjustment factor for
exchange rate is taken to be 1 7 based on the trend of last 20 years Similarly adjustment
factor for gas price is taken to be 2.33 based on the trend of past changes. In these financial
analyses two kinds of [PPs are considered, one with higher tariff rate and the oiher with
other with lower tari[¥ rate. The maximum plant factor in FY2007 is taken to be 80%. Table
42 shows the unil price for different generation mix options The detail calculation of unit
price of power for different options is shown in Annexure "D". Different options considered
are as below:
Option-1; Maximum power from IPPs and rest from BPDB.
In this case IPPs are allowed to produce its maximum capacity (8024PF} and remaming part
shoutd be fulfilled by BPDB.
Option-2; Coentracted minimum from LPPs and ihe rest rom BPDB
TPPs are allowed to produce the minimum comtracted capacity (50%PFfor higher rate 1PPs
and capacity payment for low rate IPPs) and the remaining part from BPDB. (il may be
mentioned here that 1PPs must be paid at least 50% of their plant factor capacity even if
BPDB buys less than 50%a)
Option-3: Sharing on the basis of the past experience.
Experience of generation sharing for last 4 years shows that IPPs are allowed to generate
power at 60-65% PF. In this option it is assumed that similar sharing will continue in
FY2007 and as such 65% PF for 1PPs is considered.
Option-4: Special strategic consideration.
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Under this Option, if 1PPs of higher tariff rate are allowed only capacity paymemt as per the
contracted bond and [PPs of lower tarifl rate will be allowed to operate at its maximum
generation capacity then BPDB will have better advanlage on stratcgic management.

In these analyses the total load is divided into base load and peak load. Both base load and
peak load are shared according to the options. The analysis is done for totel projected
demand of 60TIMW in 2007 by PSMP-1995, This demand is considered as the maximum
in the year The calculation is done for a 31-day month. The 1PPs under the PBSs are not
considered in the analysis. Generation cost of BPDB is the trend extrapolation of past cost
data, which is TK 2 40/Kwh.

From the analyses it is evident from Table 4 2 that the overall tanfT rate in Option-1 is
lowest (TK. 2.24) but the total power generation capability in the base and peak load for the
TPPs are 80% of ils generation capacity while the utilization of the plants of BPDB will vary
both in the base load and in the peak load hour. Table 4.2 shows the base and peak demand
met by BPDB plants are 2640MW and 4437MW respectively which is 46% and T7% of its
installed capacity (3693MW) It is evident from this options that [PPs are loaded to 80%4 pf
their instalied capacity at all times while slightly less than 50% of BPDB pgeneration
capacity will be idle during the base load period

Option 3 provides the next low cost arrangement, which is Tk.239/kwh In this option 1PPs
are rurt at 65% PF at most At least 51% of IIPDB capacity will be utilized during the base -
load period and 83% during peak load period.

Option-4 results in highest tariff, which is Tk. 0.28/kwh higher than the lowest option Lhut
this option provides a strategic advantage. In this option BPDB will be able to maneuver
with the IPPs within the bounds of the contracts.
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Table 4.2: Unit generation cest for various generations mix options.

Options Load Unit Cost from 1PPs Load Unit Cost Weighted
Sharing with Higher Tanll Sharing from LPF's Average
{Base load rate (Peak with Lower Unit Cost
=T, load- Tarilt Rate For the
aozvw | Liqud | Gas 4 soggnyy Whole
in 2007 Fuel in 2007 System
(Tk/Kwh)
Option.1 IPP-15352 IPP-4.80 IPP-2.68 1PP-1352 IPP-0.84 224
S%0MW for high | BPDB-2640 | BFDB-2.40 | BFDB-2.40 | BPDB-4437 | BPDB-2 40
RIG TPPs
&OTIMW For
low mate TPPs,
Oplion.2 IPP-570 1PP-4.94 IPP-4.53 [PP-9Fi iPP-1.39 2.42
362.5MW  for | BPDB-3222 | BFDB-1.40 | BPDB-2.40 | BPDB-5019 | BpDR-2.40
hgh raic 1PPs &
67.5MW  for
lone raie IPPs.
Option.3 TPP-1261 (PP-4 87 IPP-3.82 IPP-1261 IPP-1.59 239
747MW for high | BPDB-2931 | BPDB-2.40 | BFDB-2.40 | gppB-4728 | BPDB-2.40
e IPP= &
TOOMW for tow
rale [PPs.
Option.4 IPP-1215 IPP- IPP-2.62 IPP-1215 1PP-1.76 252
NilMW for high | BPDB- RPDB-2.40 | BPDB-240 | BPDB-4774 | BPDR-2.40
me IPPs & | 2977,
121 5MW for low
tale 1IPPs
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4.5. Strategic Management of Power with 1PPs.

At present BPDB and 1PPs power production ratio as on June 2001 is 82.90% & 17.10%%
respectively. The rescrve margin al that time was 13%, which is not sufficient to meet the
power demand and maintenance of the plants with schedule oulage. According to the
PSMP, planned future power generation capacity in the year 2007 will be
5603MW(73.52%) by BPDB and 2050MW({26.48%) by the 1PP's The projected demand at
that time will be 6071MW, which ensures a reserve margin of 28%. Experience Irom power
generation industry suggests that eround 30% reserve margin is good enough for a system to
carry out regular maintenance of the plants, However, this reserve maigin is obtained by
taking IPPs capacity m consideration. Stratesically BPDB becomes dependant on the [PPs
for its regular maintenance The reserve margin and the share of TPPs in the power system
are two strategic figures for an autenomous system like ours. Since the generation capacity
for the reserve margin will be at BPDB’s hand, it will be in a cemfortable position to stand
any pressure from the 1PPs as long as their combined capacity 15 less than the reserve
Margin.

REB covers the distdbution in rural areas and some indusinial areas like Narayangon), Savar
etc. They have 25 per cent business on distribution seclor of the power system. Recenlly
RER is instalting 10MW capacity power stations with an aim Lo become independent PBSs.
But the basis of this independency is not known and strategy is also not known. If the PBSs
become independent in the long-run, then BPDB will have to reiterate its development plan
It may be mentioned here that at present, PBSs combined distibute about 25% of the lotal

peneration of the country.
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CHAPTER-0S

Summary and Conclusion

51 Summary

In this study the generation of electric power and 1ts management has been discussed
Bangladesh Power Development Board used to be the only organization with mandate to
generate power for sale unti] 1996 Due to continuous shortage of power and government s
inability to set up new gemerating station, it wes decided by the government in 1996 that
private companies will be allowed to penerate power and sells it to BPDB BPDB will
transmit the power and sell it to existing regional and rural power distribution authorities Lo
1998 the first private seclor power plant came into operation. Since then five more private
power plams were added in the generation feel. Organizational reform also took place
within BPDB dunng ihis period The study aimed at looking imo the effeci of all these
changes specially the effect of private power producers (IPPs) on the management of
electric power m the country

1listorically, BPDB used to generate, transmit and distribute electric power in the country.
Still BPDB is involved with all these stages of the business. With the intreduciion of IPPs,
DESA, DESCO, PBSs of REB and PGCB the role of BPDB has diminished but its
imponance has remained the same because of its key posilion as a defacie regulator,
Therefore, to study the power management system in Bangladesh one cannot avoid the

study of the operalion and management of BPDD
5.1.1. Operation and Management of BPDR

The main points ohserved in the Operation and Maintenance of BPDB are listed below.
i. Due to availability of indigenous fuel (Natural gas) 87.23% of generation
capacity located in the east of river Jamuna.
n, 10.33% of generation capacity of BPDIB already crossed their economic life and
another 15% will be past their econemg life by 2007,
iii. Overall efficiency of BPDB plants is 31.63%. However, many plants have
efficiency between 12%-18%.
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The yearly growth rate of generating capacity of BPDB durmg 1989/90- 1997/58
was gbout 4%. After this period there were no addition of generaling capacity
under BPDB management.

To improve their cost of operation BPDB introduced new sysiem in generation
and distribution system It created separate business unit both in gencration and
distribution termed as Strategic Business Units (SBU).

In generation, existing Haripur 360MW power station was converted to a SBU
with almost 80% of loial financial and administrative powers to PMB (Plant
Management Board) in respect to material, equipment, machinery, service and
human resources This provided a good degree of autonomy to the management
of the plant. The result was for the better Targeted goals has been achieved by
SBU-HPS wilhin one year.

In distribution, existing Jamalpur and Sherpur distrbution division was
converled to two separate SBU with 2 view to improve financial condition as
well quatity of service and reduce system loss. These SBUs were given certain
degree of autonomy in respect of targel setting incentive/penalty scheme etc
Alfier the first phase the result from SBU was quite encouraging,

BPD#3 has handed over pan of the transmission network 1o a newly crcated
company called PGCB in July 1997 PGCB charges Tk.0.17Kwh wheeling
charge

PGCRB is going to take over the whole transrmission network by December 2002,
PGCB will be the sole authority for the development and operalion of
transmission system.

BPDB is still responsible for 25% of total power distribution. In the long term
REB is supposed 1o take over the lask of distribution in rural areas. In medium
term BPDB will continue to distibute power in the district towns.

As a distribution organization PBSs are doing better than DESA or BPDB The
formation of SBUs in the BPDB disiribution system is similar to operation and
maintenance of PBSs but PBSs are more autonomous.

Average BPDB cansumer growtih per year is 53.95%.

The combined net system loss of DESA and BPDB as technical, non-techmeal
and others in 1999-2000 was 36% and overall cellection has been around 80% of

billing. The overall collection to generation ratio has been onty around 69% The
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individual system loss of BPDB was 27%, DESA 29 65%, DESCO 32% and
REB 16.24%

5.1.2. TPPs (Independent Power Producers) and iheir Operation in Power Secior.

The key features of the IPPs and their operation in power sector has been described below:

i.

Iv.

il

VIl

1.

xi.

According 1o PSMP-1995 1t is projecied that the investment required to meet the
power demand in 2010 wifl be & about US3 of 6.6 billion which wall be huge
amouni for the Government of Bangladesh investmeni portfolu.

Realizing the short fall of fund, governmemt allowed private sector power
generation. First private sector power came info operation m 12 September 1998,
Starting from 1998, so far 685SMW has been added from the private sector and
960MW more is in construclion stage. Most of the generation plants are located
in the East zone due to availability of cheap natural gas.

Most of the IPP plants are state-ol the-art technology ie. combinc cycle
technology.

The elficicncy of this type of lechnology is about 45%.

IPP plants have modern automation and control system including distributed
control system.

One of the plants has combustion technology DLN (dry low nox) which is
environment [riendly.

REB staricd installing small power slalion of 10MW capacity in their PBSs, with
an aim te become independent PBSs.

IPPs are operating in power sector under Power Purchase Agreement (PPA).
Initially the IPPs were contracted at higher taniff charge to BPDB (Tk.3.68/Kwih)
but later on contracts were signed with IPPs at a much lower tanft
{Tk.0 84/Kwh)

The contracts are mostly in favor of 1PPs for its operation and finance,

BPDB has a binding Lo supply gas to the private power plants

Payment to the 1PPs is calculated as per the formula agreed in PPAs and
paymenl will be made in foreign currency (Dollar).

BPDE has to buy at least 50% PF equivalent of power from the higher tanff rate
IPPs. However, if BPDB buys less than that it has to pay OMT for 50% PF and
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fuel charges. For the lower tanff rale EPPs the payment formula is similar for
such buying situation.

If any dispute arise regarding capacity, Force Majurie event, and liquidated
damage event belween LPPs and BPDB then it require minimum 22 monih time
for higher rate 1PPs and 90 days for lower rate TPPs to seitle the dispute during
this peried payment will be decided by consullant or third party

1PPs are exempted from VAT, TAX, Custom Duties and income tax on sale of

electricity.

5.1.3. Electric Power Management with IPPs in the System of Bangladesh.

The key features of the clectric power management with IPPs in the system of Bangladesh

in power secior has been described below:

1l

vil.

viil

ix

According to PSMP-1995, the demand in 2007 will be 6071MW and demand in
2015 will be 11, 439MW The capacity planned to install by 2007 1s 7743MW, of
which BPDB will have A4593MW capacity and 1PPs will have
2050MW(including 110MW from [PPs of PBSs).

IPP generate power and sell it to BPDB They arc not involved in transmission
and distribution management of the systeml. Transmission, load dispaich and
distribution are still regulated by BPDB.

Some of the TPPs specially those comtracted in the first-round have tanff rate
even higher than BPDB production cost.

According to present development plan the reserve margin will be 28% tn 2007

The share of IPPs generation at that time will be 26.5%

Some 1PPs came with most efficient technology ie combine cycle technology
which is more suitable for base-lcad operation.

In the load pattemn of Bangladesh the base load is 70P% of the peak load and the
peak load lasts for only 6 hour.

At present 1PPs are allowed abeut 30% of the base load which is about 60-65%
of their combined capacity.

The production cost per unit generation in peak hour is more because relatively
less efficient machines come inte production during peak hour.

BPDB sells electricity to its bulk consumer like DESA at price lower than ils

generation cost. As a result BPDB 15 losing huge amount of money every year,
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The loss of BPDB funher compounded because of the exchange rate fluctuation
cover in the payment of 1PPs and other loan obligations.

Unit cost for different generation mix options was calculated and 1t was found
that Option-1 which allows 80% PF operation of the [PP plants provides the
lowest untt cost {Tk 2.24/Kwh).

However, Option-1 is strategically not very atiractive as this would allow about
37% of the total load which is more than the reserve margin of 28% In that
consideration Option-4 is better but costly (Tk.2 52/Kwh).

[PP plants have state-of-the-art technologies. Most of their employees arc from
Bangladesh

They have well planned and effective training program for their human resources
which is an important facior of technology transfer

1PPs have developed good local capacity. They have achieved operation and
routine maimtenance capacity. In some cases they have developed capability to

adjust technologies (o local requirement,

5.2. Conclusion

Independent power producers started delivering power to the power market at a time when

BPDB or for that matter the government was unable to setup new pianis to add clectric

power in the national grid. Introduction of TPPs has affecied the power system managcment

in different ways These are as below:

i

i

v,

LPPs provided power 1o the grid when there was a huge demand -supply gap and
thus provided some relief to the power system management.

[PPs brought in state-of-the-an technologies n the country and developed local
capacity tor operation and maintenance.

Some of the IPPs showed that ¢lectric power could be produced at a much lower
cost. These exampies probably led BPDB 1o think over s production cost and
formation of SBU power plants and distnbution units This new method of
managing by delegation of power and responsibility 1s hkely to improve the
operational elficiency of BPDB.

In generation 1PPs are increasingly having a greater role. BPDB still generates 4

major parl of the power production With power demand growmmg, the role of
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BPDB as a major player should conimue for strategic reasons. Present share of
1PPs is siralegically comforiable.

Privatization of power generation, transmission and distibution m other
countries of the world has mixed results, Evidence of cartel and consequent
adverse impact on power management even in developed countries should be
considered seriously for developing countries like Bangladesh

In almost all countries power system is strongly regulated Lo avoid cartel or
monopoly Bangladesh lacks appropriate anti-menopoly laws and regutations.
Therefore, any private participation in power system of the coumry must be

regulated very strongly

£.). Recommendation

The following recommendation can be made from the study:

i

1.

v

Contracts of Higher tarilf rate IPPs may be reviewed in terms of tanff, contract
duration, technology etc.

The private-pubtic role of power generation should not exceed 1.3 rano.
Production cost minimization by eptimum allocation to different peneraling
stations shoutd be followed. In this regard, an oplimum allocation strategy can
be followed with the aid of sultable computer program

Strategic Business Unit methodology of BPDB should be continued and
expanded 1o delegate authority and responsibiiity. This should lead 1o better
aperational elficiency of BPDE.

The study did not assess the effect of setting up power plants by BPDB by
borrowing meney from international source at commercial rate. A study may be
taken to determine the financial implication for such strategy wvis-a-vis lhe

strategy of allowing IPPs in the system
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Anpexer C to Chapter-04 (o
M_.Engg. Thesis

Sample Tariff Calculation

Invoice for the Month of May-2001

The Bangladesh Power Development Board

WAPDA Building
Motitheel C/A
Dhaka 1000
Bangladesh
Invoice No : 33 (KPCL/FCOD/2001/May)
Invoice Date . 04- June 2001
Monthly Plant Factor
NEO (Net Electrical Quiput) for the Month, kWh. 38,793,200
(uaranteed Capacity (GO} MW 116
Number of Hours in the Momth 744
Monthly Plant Factor 4740127%

A, OMT Fayment

OM | Adpsiment (itom Sch 5 Part Ly TE = OMT adjusted » Ex rate currentFx mte base < 99

= 1E31912000 * (375042 6123 * 0 99 = 2 1RET0 TE
O Takas (leom Sch 3, Part Fi Tk = DT acjusted * 007 = 0016319120 FK
Tolal OMT paytoenl Taka =(OMT adinded + OM [ [aka) * NEO = 8520 450 665 TE
Sninam Tl Pavmens OV
ML = (2 (KW * Eloers in month *0 5 = 41 Qa0 (W) 0
ph = Hours losl us pea Sch 4 Pan B of PPA = 36920
BEI (BAFE = G i MPE> 30%: Te= (O 1 Adp + CAT th f® i MGE-NEQ PR*GC) = 4671 25082 71K
OM 1 CILAKRGE, laka = OMT Paymientt Mingman 1an [T Payment= 89,375 712 43 TR

B. FT CHARGE

ET {Frony Sclwdule 5 of FEA), Taka =0 935291 TK
FT Adjstcd (lor current foel price)= FT * FPo/ FPh = (1935292 * HO4M0O8833 = 217551264
(PL, sex alachmeng 2) 4, 510000010 4 STULL000
FT Charge, Taka = FT Adjusied ¥ NEQ=2_173128 =R1302. 71398 [X
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Appendix 1 to
Annexure -C

Extract from Sehedul -5 of PPA
Khulna Power Company Lid

1. part A: Tariff en Liguid Fuel

Period of Rate of tariff in US $/kwh Rate of tariff in Tk/kWh
Power for monthly plant factor for monthly plant factor
Purchase 50% 60% 7% 80% 5050 60% 70% 80%

1™ Year | FT 0271940 [ 021949 | 021949 | 021949 | $35291 | 935201 | 935291 | 93529
{Basc

Youy | OMT | 38297 | 037471 | 036868 | 36330 | 1631912 [ 1.596714 [ 1371019 | 1.548054

2 Vear | OMT | 038297 | 037471 | 036868 | 036330 | L6IIBIZ | 13596714 | | STLO1% | 1.348094

T Year | OMT | 038297 | 037471 | 036868 | 036330 | 1631912 | 1596714 | 1 5N019 | 15348094

15 Year [ OMT | 038297 | 037471 | 036868 | 036330 | LGHI2 | | 396714 | 1571019 | 1348094

STyenr | OMT | 038297 | 37471 | 036868 | 03633 | 1631412 | 1556714 | 1 571019 | 1348094

67 Year | OMT | 038297 | 637471 | 036868 | 036330 | 1631912 | 1.5%6714 | 1 371019 | 1.548004

T vear | OMT | 038297 | 037471 | 036868 | 036330 | LEXLOT | 159074 | LATIOL | 1548004

7 veoar | OMT | 038207 | 077471 | 036868 | 030330 | 1631912 | 1546714 | 1571018 | L3480

9% Year | OMT | 038297 | 037471 | 036868 | 036330 | 1631912 | 1596714 | L5T019 | 1 548094

100 Year [ OMT | 038207 | 037471 | 036868 | 036330 { 1631912 | 1596714 | 1371099 | 1.548054

TS Year | OMT | 038237 | 037471 | 036868 | 036330 | 1631912 | L3%6714 | 137109 | |.54805

12"Year | OMT | 038297 | 037471 | 036868 | 036330 | 16319412 | 1596714 | | 371019 | 1.5480(1%4

13% Year | OMT | 038297 | 037471 | 036868 | 036330 | 16315312 | 1596714 | 1571014 | 1.548054

14" Yem | OMT | 038297 | 037471 | 036868 [ 036330 | 1631912 | 1596714 | 1571019 | 15489

15" Yeur | OMT | 038297 | .037471 | 036868 | 036330 | 1631912 | 1596714 | 1 571019 | 1548094

FT = The price Component on account of the cost of Fuel per kWh of energy generated.
This must be commensurate with the Heat Rate specified in Schedule 1.

OM'l= The price component eon account of all other costs meluding profit per kWh of
energy supplied at the Delivery Point.

Both FT and OMT together will constitute the tanff per kWh of Net Clectrical Qutput

" delivered to the Dclivery Point,

78



Appendix —2 o

Annexure —C
Extract from Sehedul 5 of PPA
Khulna Power Company Ltd
1. part A; Tarilf on Natural (as as Fuel
TarilT Schedule on the basis of Nafural Gas as Fuel
Peried Tariff in US $kWh Tariff in TK./kWh
for Monthly Plant factor for Monthly Plant factor

S0% | 60%% | T0% | 8D%  |50% 160% | 70% | BO0%
™ Year | FI' 1001060 { D.01060 | 001060 | 0.01060 | 045169 | 045169 | 045169 | (45169

H s
%a:} OMT | 003820 | 0.03740 | 0.03530 | 003630 | 162778 [ 159360 | 150846 [ 134682

2% Year | FT OOGR00 | 000800 | 000800 [ DOORK | 0 34K [ 038050 | 334090 | 0 30M

wih

2™ Year OMT | 003200 | 002630 | 00215 | 001720 | 136358 [ 12070 091616 [1,73243
3w 15 | FT 001060 | 001060 | 00060 | 001060 | (45169 | 045160 | 045189 | (145169
1th Year
T vear | OMT | GO49G0 | 004240 | 003220 [ 063320 | 208798 | 180675 | L3211 | 141472

17 Yeur [ OMT [ 005100 [ 0.04420 { 003686 ( 0,03420 | 2.17321 TER345 | 1 5768 | 145733

P Year | OMT | 005300 | 004600 | 003686 | 0.03550 | 225844 | 196015 | L.IAAE | 151293

6% year | OMT | 005490 | 004720 | 003686 | 003620 | 233040 | 201555 | 137068 | 1.34253

T year [ OMT [ 05680 | 004870 | NOZGRG | (03620 | 242036 | 2075200 | L5T068 | 154255

7 Year | 0T T 005850 | 004900 | 003686 | 003620 | 249280 | 212634 1 137068 | 1.54253

T Vear | OMT | 0.06030 | 005130 [ 003686 | 0.03620 | 2656950 | 2.19452 | 157068 | 1 54255

™ Year | OMT | 0.06210 | Q05310 [ 003686 | 003620 | 264621 | 226270 | | 3TN0 | 34255

1T Your | OMT | 6.06410 | 0.03400 | 003686 | 003620 | 2.73143 ) 230105 | LST6R | 154235

(2% Year | OMT | 006500 | 005600 | D.036RG | 003620 | 276978 | 238627 | 1.3THe8 | 154235

13" Yeor | OMT | 004780 [ 0.040R0 | 003686 | 003620 | 203685 | 173857 | 1L5TKE | 134233

14° Yeur | OMT | 0.04920 | 0.04200 | 003686 | 0 03620 | 209651 1780700 | LSR8 | 154253

15" Yeur | OMT [ 005670 | 004286 | 003686 | Q03620 | 21643 | 182379 | L376E | 1.54253

Reference :

[, Natural Gas at Tk.475976 (31 117WMSCF

2. Exchange Rate US$ 1.00=Tk 42.612 Rcference BPDB Memo. 1626-BPDB (SEC)YDev-
110496 dated 12/12/96,
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Annexer D to Chapter-04_to
M.Engg. Thesis

Tarll Rate Calculation for Dilferent Mix with IPPs and BPDB.

{For higher cost [PPs-Relerence KPCL.)

Option-1
Maximum power from [PPs and rest from BPDB.

A OMT calcufation

OMT = (OMT at tarilf schedule) x (US dollar-Taka Exchange rate adjusiment
factor) x (0.99,
= 1,548 x1.7x0.99= 2,605 Tk/Kwh
OMT (taka) = (OMT at tariff schedule) x 0.01=1 548 x0.01, =0 01548 T/Kwh.
Total OMT ({taka) = 2.604 + 0 01548 = 2.62 Taka/ Kwh.

B FT Calculation

FT=(FT at tariff schedule) X Fuel (pas/diesel} adjustment factor with base rate
=0.93591 x 233 =218 Tk/Kwh
Therefore, the Tarilf rate will be = OMT + FT
— 4.8 T/Kwh
Option -2
Contracted minimum frow [PPs and the rest from BPDB.

At 50 per cent plant factor
A OMT Calenlation

OMT = (OMT at tarilf schedule) x (US dollar-Taka Exchange rate adjustment
factor)yx 0,99
=1.631912 x 1.7 x 0.99 =2 746507895 Tk/Kwh
OMT {taka) = {OMT at tariff schedule)x 0.01
=1.631912 x 0 01
={.01631912 T/Kwh
Total OMT  =2.76281912 Tk/Kwh

B FT Calculation

FT = (FT at tarilf schedule) X Fuel {gas/diesel) adjusiment factor with base
Tate,

=0935291 x 2.33

=218 Th/Kwh
Tarilf rate = OMT + FT = 4.94 Tk/Kwh_

Ontion -3
Sharing on the basis of the past experience.
At 65 per cemt plant factor

A OMT Codenlation
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OMT =(OMT al tariff schedule) x {US dollar-Taka Exchange rate adjustment
factor) x 0.99
—1,5838665 x 1.7 x0.95=2 67 Tk/Kwh
OMT (takay = (OMT al taniff schedule)x 0 01
= 15838665 x 0.0
= 0015838665 Tk/Kwh
Total OMT = 2.69 Tk/Kwh

B. I'T Caleulation

FT = {FT at tariff schedule) X Iucl (gas/diesel) adiustmeni factor with basc
rate,

=09I529t x 233

=218 Tk/Kwh
Tariff rate =OMT +F1 =487 Tk/Kwh_

Option —1{Fuel will be Natural Gas)
Maximum power from IPPs and rest from BPDB.

A, OMT Calculation
OMT = (OMT at tariff schedule) x {US dollar-Taka Exchange rate adjustment

factorx 0,99
=154255x1.7x 099 =26 TK/Kwh

OMT {taka} = (OMT at tariff schedule)x 0.0
= 1.54255 x 0 01=0.0254255 Tk/Kwh
Total OMT = 2.63 Tk/Kwh.

B. FT Coloulation

FT = (FT at tariff schedule) X Fucl {gas/diesel) adjusiment factor with base rate.
= {45169 x 2.33=1 0524377 Tk/Kwh..
Tarill rate = OMT + FT' — 3.68 Th/Kwh.

Option =2{Fuel will be Natural Gas)
Contracted minimum Fom IPPs and the rest from BPDB.

A CMT Calculation

OMT = {OMT at tanff schedule) x (US dollar-Taka Exchange rate adjusiment
factory 0 99
=2 056930 x 1.7 x 0,96 =3 46 Tk/Kwh

OMT (Taka) = (OMT at tanff scheduleyx 0.01
= 2 056950 X0,01=0,0205695 Tk/Kwh
Toial OMT = 3 48 Tk/Kwh

B. I'T Calculation

FT = {FT at teriff schedule) X Fue! (gas/diesel) adjustment factor with base
rate
=045169x 233
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= 1.0524377 Tk/Kwh

Tarill rate= 4.53 TWKwh

Option —3{Fuel will be Natural Gas)

Sharing on the basis of the past experience.

At 65 per cent plant factor

A OMT Calculaiion

OMT
factor)x 099

OMT (1aka)

Total OMT

= {OMT at 1ariff schedule) x (US dollar-Taka Exchange rate adjusiment

=1633064x1.7x 095 =275 Tk/Kwh
= (OMT at tarifTf schedule)x 0 01

= 1.633064 x0.01

= 0.01633064 Tk/Kwh

=277 Tkikwh

. B Caleudation

FT
rate.

TarifT rate

= (FT at tarilf schedule) X Fuel (gas/diescl) adjustment factor with base
=0.54160x 233

= 1.0524377 Tk/Kwh
= OMT + FT = 3.82 Tk/Kwh.
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TarnlT Rate Calculation for Dilferent Mix with 1PPs and BPDB.

(For Lower cost [PPs-Reference AES Meghnaghat)

Optign-1

For maximum mix with public & privale sector
For all the options we assumed the dependable capaciiy will 90% of its inslailed capacity.
At 80% Plant Factor.
a) Capacity Payment for C.C.
i) Non-Escelable CC Capacity Paymenr
CPNEmn =RNECPXCEmXDCm
=4 0969(From Schedul 6 of PPA)X99 28(Value of
Dellar)X({360X1000X0.5)
=131783835.17 TK
ii) Escalable Foreign CC Capacity Payment
CPE(US)m = (RECP{US)nXCEmXFI qm)}XDCm
= 1 2995{From Schedul 6 of PPA)X99 28X 1X{360X1000X0 9D
= 4180065264 TK
CPE{TK)mn = ({(RECPK TK)nXLIFgn)XDCm
= 7 4132X1X(360%X 1000X0.9)
= 2401870 80 TE.,
CPEmn = CPE{US)m+ CPE{TK}mm
44202529 44 THK.
i1} Capacity ayment :
CPm = CPNEmn + CPEmn
= 175986364 61 TK

b) Energy Payment.

) Vanable 0 & M
VOMPm = (RVOMPn X CEm X FTIFgm) X NEGh.
=({D.001095 X 09.28 X1} X (360 X 1000 X 0.8 X 744)
= 23293851.96 TK.
i} Fuel Payment
FPm = TCE hm X { GPn / (0.95 X 1.055))
=({7397X744 X 360 X 1000 X0.8)/1000000} X (146471 00225)
= 1584969 98X 146.14 TK =231627513 46TK
1) Energy Payment = VOMPm + FPm
= 23293851 96 + 23162731346
=25492136542 TK.

{({430007730.03)/(360000 X 0.9 X 744))

Tarill Rate will he =
= 1.79 TK/ Kwh.

Optivn-2
For minimum mix with public & private sector

The 1PPs({ AES Haripur) will run at 50% PF than tanff will be,

ay Capacity Payment for C.C.
i} Non-Escalable CC Capacity Paymenr
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CPNEmn =RNECPXCEmXDCm
=4 0969(From Schedul 6 of PPA)X99 28(Value of
Dollar}X{360X1000X0.9)
=131783835 17 TK

ii) Lscalable Foreipn CC Capacily Payment
CPE(US)m = (RECP{US)iXCEmXFIIFgm)}XDCm
= 1.2995(From Schedul & of PPA)X99 28X1X(360X 000X0 9
= 41500652.64 TK.
CPL(TK)ms = ((RECPKTK)nXLIIFqn)XDCm
=7.4132X1X{360X1000X0.5)
=24018760.30 TK
CPEmn = CPE(US)m+ CPF{TK}mn
442025294 TK
ni} Capacity Payment .

CPm = CPNEmn + CPEmn
= 175986364 61 I'K.

b) Energy Payment.
i) Yanable O & M
VOMPm = (RVOMPn X CEm X FIIFgm) X NECh
= (0.001095 X 99.28 X1) X {360 X 1000 X 0.5 X 744)
= 14558657472 TK.

i1} Fuel Payment.
kPm = TCE hm X { GPn/ (0 95 X 1.035))
= ({7307X744 X 360 X 1000 X0 5)/1000000} X (146.47/1 00225)
= 088195.68X146,14 TK =144414916 68TK.

iii} Energy Payment = YOMPm + FPm
= 4558657 472 + 1444149]6 &8
= 15897357415 TE.

Tarilf Rate will be = ({175986364.61 +158973574 15 360000 X 0.9 X 744))
= 1,39 TK/ Kwh,

QOption-3
Practically il has been observed that IPPs are allow to run at 60-65% PF. So, we consider

65% PF. Then the charges are a3

a)_Capacity Payment for C.C.

k} Nen-Escalable CC Capacity Paymenr
CPNEmn =RNECPXCEmXOCm
=4 0969(From Schedul 6 of PPA)X92.28(Value of
Dollar)X(360X1000X0.9)
=131783835.17TK

ii) Escalable Foreign CC Capacity Payment

CPL{US)m = (RECP{USInXCEmXFliFgm)XDCm
=1 2995{From Schedul 6 of PPA)X99.28X1X(360X1000X0 9)
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=41800652.64 TK

CPE(TK)ma = (RECPYTK)nXLITFgn)XDCm
= 7.4132X1X{360X1000X0 9)
=24015876 80 TK.

CPEmn = CPE(USImt+ CPE(TK)mn
44202529 44 TK.
11) Capacity Payment :

CPm CPNEmn + CPEmn

= 175986364.61 TK.

h) Energy Payment.

1) Variable O & M
VOMPm = (RVOMPn X CEm X FllFqm) X NEOh,

= (0.001095 X 99.28 X1) X (360 X 1000 X 0.65 X 744)
= 1892623471 TK

11} Fuel Payment

FPm = TCE hm X { GPn / (0.95 X 1 055))
= ({7397X744 X 360 X 1000 X0.65)1000000) X (146 47/1.00225)
= 1287788.112X 146 14 TK =188197354.65TK.

111} Energy Payment = VOMPm + FPm
= 1892625471 + 188197354.69
= 207123609 40 TK.

Tarilf Rate will be = ({(175986364.61 + 207123609.40)/(360000 X 0.9 X 744))

1.59 TKS Kwh.

Option-4: Special Consideration.

If we comsider that higher tarilF charge IPPs are not allow to generate any power and lower
rate TPPs are allow to penerate its maximum capability and remaining will be fulfill by
BPDB,s own generation than the tadff rate will be as below 1n this option higher tanfF rate

IPPs are allow to get OMT charge es per the contracled agreement Consider the gramted
capacity will be 90% of its installed capacity.

CMT calenlation

OMT = OMT Adjusted x Exchange rate x 0,99,
= 1,548 x1 7x0.99 =2605 Tk/Kwh
OMT (taka) = OMT Adjusted x 0 01=1.548 x0 01 =0.01548 Tk/Kwh.
Total OMT {taka) = 2.604 + 0.01548 = 2,62 Taka/ Kwh.
Minimum Energy Payment(MEP)— Total OMTX ((iranted capacity)GC
=2.62 X (725X0.9X1000X744)
=1003931280.00TK for a month.

For lower tarff charge 1PPs
a) Capacity Payment tor CC
1) Non-Escalable CC Capacity Paymenr
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CPNEmn =RNECPXCEmXDCm
=4,0969(From Schedul 6 of PPA)X99 28(Value of
DellaryX{1215X1000X0.59)
=444770445 69 TK

i) Escalable Foreign CC Capacity Payment
CPE(US)m = (RECP(US)nXCEmXFITFgm)}XDCm
= 1.2995(From Schedul 6 of PPA)X99 28X1X{1215X1000X6.9}
= 141077202.66 TK,
CPE(TK)mn = {RECPY TKInXLITFgn)XDCm
=7.4132X1X(1215X1000X0.9)
=81063342 TK.
CPEms = CPE{US)m+ CPE{TK}mn
=141077202.66+ 31063342 TK =22183536.86TK.
i} Capacity Payment .

CPm = CPNEmn + ©CPEmn
= (444770443 69 +22183 536 80)TK,
= 466953080 55TK

b} Energy Payment.

i) Variable D & M
YOMPm = (RVOMPn X CEm X FIlFgm) X NEOh.
= (0.001095 X 99.28 X1) X (360 X 1000 X 0.9 X 744)
= 88443844 14 TK.
ii} Fuel Paviment,
FPm =TCE hm X { GPn/{0.95 X 1.053)}
= {{7397X 744 X 1215 X 1000 X3 9)/1000000} X (146.47/1.00225)
= BTHG0TI5 18TK.

i1} Energy Payment = VOMPm + ¥Pm
= 8RB443844 14 + 879460713518
= 067004559 321K,

Tarill Rate will he = ((466953980.55 + 967904559 32)/(1215X1000X 0.5 X 744))
1434858530 86/( 121 5X1000X 9XT744)TK/ Kwh. i
1,76 TK/Kwh

System total with

For Option-1.
(5BO/598X3.68 HOT72/5989)X1.79 +{443?f5989]](2 4

=0GX3.68 +16X1.75+74X2.4
=3312 +2864+1.776
=239 TK/Kwh,

For Option-2.

{362.5/5980)X4 53 +H(607 5/5989)X1 39 H5019/5989) X2 4
=06X4. 53 +10X1.39+84X2 4

=2718 +.139+2.01

=2 42 TK/Kwh,
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For Opticn-3.
{471/5989)X3 82 +(790/5989)X1 59 +(4728/3089)X2 4

=078X3 82+ [3X]1 59 +79X2 4
= 30 +2067+1 89
=2 30 TK/Kwh.

Fer Option-4-Special Option.
Total payment
={1215X1060X1.76X744+4856X1000X2.4X744+ 100393 [280.00)TK
=( 1590969600 +8670873600+1003931280)
=11265774480TK
Systern total=11265774480/4471626000
=252 TK/Kwh,
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SCHEDULE 6
REFERENCE TARIFFS

Table 1 Reference Tarilf

Appendix-1 te

Annexture ‘I to

Agreement Reference Capacity Price Rcference Enerpy Charge
Ycar Reference Reference Reference Refercnce Reference
Non- Foreign Local Yariable Fuel Price
Escalable Capacity Capacity | Operation and | (Taka/kWh}
Capacity Price Price Maintenance | (Sec Note'l)
Price {DallarkW- {Tabka K w- Price
(DollarkW- Month) Month) (Dollark W)
honih)
1 4.4480 1 2695 7.4132 .001005
2 4,3700 1.2995 74132 0.001065
3 4.3001 1.2995 T4132 0.001095
4 42313 12995 7.4132 0.001095
5 4, 1636 1 2995 74132 0001095
6 4 0969 1.2965 74132 0.001095
7 40314 1.2995 74132 0.0010935
B 3 9669 1.2995 7.4132 0001095
9 3.9034 12995 74132 Q.001095
10 3 8410 1,2905 74132 0.001095
11 3.8410 1 2995 74132 0,001095
12 38410 1 2995 74132 0001095
3 3 7041 1 2995 74132 0.001095
14 3 6389 1.2995 T 4132 0 001095
15 3alil 1 2995 74132 0001095
16 2.5306 12995 74132 0.00109%
17 173714 1.2995% 74132 0 001095
15 12400 1 29U% 7.4132 0.001095
15 08680 1.2995 74132 0,0071095
20 06076 129495 741312 0 001005
21 04253 1 2955 74132 0001095
| 22 0 G000 1.2995% 74132 001095

MNote: The Reference Fuel Prnice shall be the price payable by BPDB [or one (1) kWh ol Nel
Electrical Qutput based on the Reference Heat (provided in Table 2) corresponding to a
particular Plant [actor {as a % of Dependable Capacity} caleulated over a halt hour interval
and based on the then prevailing Gas price as provided i Section 10,
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Appendix-2 to
Annexture ‘I’

Table 1 Reference Heat Rates

Plant Load (LPy ) (% of Dependable Capacity) Refereno: Heat Rates (kIcWh) (HHY)
{Scc Note: 1)
100% 7336
5%, 7364
0% 397
85% 7435 |
20% 74490
75% 7566
TO%s Toos
65% 7810
60%, 7991
55% Ril4
S0% 84835
45% 8809
40% 191

Note: | Reference Heat Rates shall be interpolated [or Plant Factors between the specilied
points above
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